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SINOPSIS 


The  concept  of  an  enterohepatic  circulation  of  radioactive 
thyroidal  substances  is  presented.  Previous  experimental  evidence  justi¬ 
fying  this  concept  is  reviewed  to  indicate  the  basis  for  this  investigation. 
A  method  of  study  is  proposed  of  the  uptake  of  radioiodine  in  plasma  and 
in  lymph  in  control  dogs,  and  in  dogs  with  diversion  of  normal  bile  flow. 

The  physiology  of  lymph  and  of  bile  are  briefly  discussed. 

The  experimental  section  is  divided  into  three  chapters.  The 
first  chapter  contains  three  parts,  describing  the  standardization  of  the 
surgical  techniques  involved  in  cannulations  of  the  thoracic  duct  to 
collect  lymph,  of  the  jugular  vein  to  obtain  blood  samples,  and  of  the 
common  bile  duct  to  divert  bile  flow. 

The  second  chapter  describes  the  experimental  procedures  and  is 
divided  into  four  parts.  Part  A  deals  with  the  preparation  and  grouping 
of  the  experimental  animals.  In  Part  B,  the  administration  of  radioactive 
iodine  (1^31)  #  to  the  groups  of  dogs  is  indicated.  Parts  G  and  D  of  this 
chapter  describe  the  collection  of  samples  of  plasma,  lymph  and  bile,  and 
the  counting  and  calculation  of  radioactivity  in  these  samples. 

Chapter  III  presents  the  results.  A  brief  explanation  of  the 
presentation  pointing  out  significant  findings  accompanies  the  tables  of 
results. 


Two  final  chapters,  IV  and  V,  present  a  discussion  of  the 


Ill 


findings  and  the  conclusions.  Nearly  identical  concentrations  of  radio¬ 
activity  were  found  in  plasma  and  lymph  in  each  group  of  dogs.  The 
absorption  of  radioactivity  in  intestinal  lymph  is  discussed.  A 
significantly  lower  uptake  of  radioiodine  was  found  in  the  plasma  and 
lymph  in  dogs  with  diverted  flow  of  bile  than  in  the  control  animals. 
Interference  in  the  enterohepatic  circulation  of  radioiodine  is  believed 
responsible  for  this  reduced  uptake. 

The  significance  of  the  enterohepatic  circulation  in  man,  and 
clinical,  application  of  the  results  of  the  present  study  are  briefly 
discussed.  It  is  suggested  that  clinical  biliary  obstruction  or  fistula© 
will  produce  an  abnormal  uptake  of  radioiodine  given  as  a  diagnostic 
tracer  dose. 
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INTRODUCTION 

The  role  of  the  gastrointestinal  tract,  including  the  liver,  in 
the  metabolism  of  thyroidal  substances,  has  been  debated  for  years*  Since 
the  availability  of  radioisotopes  of  iodine  in  1946,  it  has  been  possible 
to  administer  tracer  doses  of  these  materials,  and  to  follow  their  absorp¬ 
tion  and  excretion  ty  various  tissues  with  radiation  counters* 

20 

In  1947,  Gross  and  Leblond  injected  radiothyroxine  into  rats, 

and  observed  that  the  liver  and  gastrointestinal  tract  concentrated  large 

quantities  of  the  radioactive  material.  Further  studies  indicated  that  the 

radioactive  material  was  transferred  from  the  liver  to  the  gastrointestinal 

9  10 

tract  mainly  by  way  of  the  bile*  5 

1  2 

Albert  and  Keating,  9  in  1952,  elucidated  the  concept  of  an 
enterohepatic  circulation  of  radioactive  thyroidal  materials.  The  initial 
concentration  of  radioactive  material  in  the  liver  and  gastrointestinal 
tract  was  shown  to  be  independent  of  the  route  of  administration*  In  rats, 
after  administration,  an  immediate  distribution  of  radioactivity  occurred 
between  the  liver  and  gastrointestinal  tract  and  the  remainder  of  the  boc^. 
Following  this,  a  rapid  diffusion  of  radioactivity  occurred  into  the 
gastrointestinal  tract,  chiefly  by  way  of  the  bile,  but  also  ty  direct 
secretion.  Albert  and  Keating  concluded  that  the  liver  and  the  entero¬ 
hepatic  circulation  played  an  active,  but  not  fully  understood  role  in  the 
absorption  and  metabolism  of  thyroidal  materials.  This  contradicted  the 
previously  held  belief^  that  the  liver  only  detoxified  and  excreted  exces¬ 
sive  quantities  of  thyroidal  materials,  just  as  it  fulfils  a  similar 
function  for  many  other  substances. 
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Other  workers  have  postulated  a  mutual  functional  relationship 

12  26 

between  the  liver  and  thyroid  gland*  9  This  relationship  has  been 
studied  by  experimental  interference  in  the  enterohepatic  circulation* 

Such  interference  has  been  produced  by  interruption  of  the  “afferent  limb* 
of  this  circulation  (consisting  of  the  portal  vein  and  lymphatic  drainage), 
obstruction  of  the  “efferent  limb1  of  the  circulation  (the  common  bile  duct), 
and  by  alteration  of  the  normal  function  of  the  liver* 

Another  method  of  study  of  the  liver-thyroid  relationship  has  been 

26 

by  stimulation  or  depression  of  the  thyroid  gland*  Klitgaard,  in  1953* 
administered  labelled  thyroxine  to  normal  rats,  and  to  hypothyroid  rats 
whose  thyroid  function  had  been  depressed  by  thyroidectony  or  thiour&eil 
treatment*  He  reported  a  significant  decrease  in  the  amount  of  radioactive 
material  that  appeared  in  the  bile  of  the  hypothyroid  rats  as  compared  to 
the  normal  animals. 

jo 

In  1953*  Boche^  demonstrated  that  in  tbyroidectomised  rats,  sub¬ 
cutaneously  administered  thyroxine  disappeared  more  slowly  from  the  blood 
stream  than  did  similarly  administered  triiodothyronine.  Following 
ligation  of  the  common  bile  duct,  thyroxine  elimination  was  further  retarded, 

47 

Briggs,  in  1951*  demonstrated  the  biliary  excretion  of  radio¬ 
active  thyroxine  in  the  dog  and  the  rat.  In  1953^  he  reported  the  presence 
of  a  conjugated  product  of  radiothyroxine  (identified  later  as  -the  glycur- 
onide),  in  the  bile  of  a  surviving  rat  liver  preparation  after  addition  of 

3.0-1 

I  labelled  thyroxine  to  the  perfusate. 

The  presence  not  only  of  conjugates  of  both  thyroxine  and  tri¬ 
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iodothy ronine ,  but  also  of  further  derivatives  of  triiodothyronine  in  the 
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bile  of  rats  was  established  by  chromatographic  and  specific  chemical 

LL 

staining  methods  by  Roche,  in  1954* 

A  study  of  the  intracellular  localization  of  labelled  thyroxine 
*30 

by  Lee,  in  1954*  indicated  that  the  thyroid  hormone  is  actively  concen¬ 
trated  by  the  liver.  The  role  played  by  liver  cell  mitochondria  and  by 
Coen2yme  A  in  the  enterohepatic  accumulation  of  thyroid  hormone  was 
demonstrated  by  Ringler,  in  1954>  and  by  Klemperer,^  in  1955 • 

These  findings  have  thus  established  the  active  involvement  of  the 
liver  in  the  metabolism  of  thyroid  hormones# 

Evidence  of  the  inhibiting  action  of  the  liver  on  the  function  of 

thyroid  gland  tissue  implanted  in  the  liver  in  amphibious  larvae  and  in 

12 

mammals  was  reviewed  by  Doetsch,  in  1953 • 

Telkfea,-^  in  1954^  observed  that  the  production  of  obstructive 
jaundice  in  adult  male  rats  by  ligation  of  their  common  bile  ducts,  resulted 
in  a  histological  depression  of  their  thyroid  glands# 

The  effect  of  ligation  of  the  common  bile  duct  on  the  radioiodine 

27 

uptake  by  the  thyroid  gland  in  rats  was  studied  Ty  Kowalewski  et  aX,  in 
1955*  In  these  animals,  there  was  a  marked  increase  in  radioactivity  of  the 
liver  and  a  significant  decrease  in  the  uptake  of  radioiodine  by  the  thyroid 
gland#  The  retention  of  radioactivity  in  the  liver  was  apparently  du©  to 
the  absence  of  excretion  of  radioactive  bile*  The  decreased  uptake  of 
radioactivity  by  the  thyroid  gland  was  believed  due  to  interference  in  the 
•efferent  limb1  of  the  enterohepatic  circulation  produced  by  ligation  of  the 
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In  1955 y  Kowalevski  et  al  provoked  interference  in  the  *  afferent 
limb*  of  the  enterohepatic  circulation  in  dogs  by  the  creation  of  porto- 
caval  anastomoses  (Eck  fistulas).  Following  the  administration  of  radio¬ 
active  iodine,  a  significantly  decreased  uptake  of  radioactivity  by  the 
thyroid  gland,  and  decreased  radioactivity  of  the  bile  were  found  in  Eck 
fistula  dogs  than  in  normal  control  animals.  These  results  were  considered 
due  to  an  altered  enterohepatic  circulation  of  radioiodine.  It  could  not, 
however,  be  determined  if  this  altered  circulation  was  due  to  a  diminished 
transport  of  labelled  material  to  the  liver  in  the  absence  of  a  normal 
portal  system,  or  to  an  impaired  liver  function  with  diminished  ability  of 
the  liver  to  secrete  radioiodine  in  the  bile. 
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In  a  further  s tucjy  by  Kowalewski  et  al,  in  1956,  liver  necrosis 
was  produced  in  mice  by  administration  of  a  hepatoxic  agent  (carbon 
tetrachloride).  Following  administration  of  radioiodine,  an  increase  in 
radioactivity  of  the  liver,  and  a  decrease  in  the  uptake  of  radioactivity 
by  the  thyroid  gland  was  observed  in  each  of  these  mice  as  compared  to 
normal  control  animals.  The  results  were  considered  due  to  interference  in 
the  enterohepatic  circulation  produced  by  the  acute  hepatic  injury. 

The  role  of  the  lymphatic  system  in  this  enterohepatic  circulation 

1  2 

has  not  been  fully  defined.  Albert  and  Keating,  9  in  1952,  presumed  that 
the  reabsorption  and  recirculation  of  radioactivity  occurred  from  the  bowel 
by  way  of  the  portal  vein  and  lymphatic  drainage. 

The  initial  phase  of  the  present  investigation  was  undertaken  to 
determine  the  uptake  of  radioactivity  in  lymph  from  the  gastrointestinal 
tract,  and  in  peripheral  blood  plasma  during  an  acute  stuc^r.  Lymph  was 
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proposed  to  be  obtained  from  the  gastrointestinal  tract  by  cannuiation  of 
the  thoracic  duct  in  the  neck  of  dogs* 


lymph  has  been  defined^  as  a  straw  colored  fluid  consisting  of  a 
clear  liquor  with  white  blood  cells  which  circulates  in  lymph  spaces  or 
lymphatic  vessels*  lymph  arising  from  intestinal  lacteals  is  termed  chyle. 
The  fat  content  of  chyle  varies  during  the  digestive  process* 


22 

The  route  of  lymphatic  drainage  from  the  intestine  passes  from 
the  central  lacteal  of  each  villus  through  a  plexus  of  vessels  piercing  the 
bowel  wall,  to  the  larger  lacteals  of  the  mesenteiy  that  drain  into  the 
cy  sterna  chyli*  The  thoracic  duct  arises  from  the  qy sterna  chyli  and  empties 
into  the  left  jugular  vein  at  its  junction  with  the  left  subclavian  vein  in 
the  neck* 

The  physiology  of  the  lymphatic  system  has  been  extensively- 
described  ty  Drinker*^  He  states:  wIymph  is  derived  from  the  water  and 
the  dissolved  substances  that  leave  the  blood  capillaries,  and  to  some 
extent  from  metabolites  diffusing  out  of  the  tissues. 11 

36 

The  chemical  composition  of  lymph  has  been  described  ty  Mitchell  : 
!,The  chemical  composition  of  lymph  is  qualitatively  similar  to  that  of  plasma, 
but  differs  quantitatively.  The  concentration  of  proteins  is  lower,  while 
the  concentration  of  certain  waste  products  and  other  diffusable  metabolites 
tends  to  be  higher  in  lymph  than  in  plasma*  This  is  due  in  part  to  the 
origin  of  lymph*  It  is  to  a  considerable  extent  an  exudate  from  the  blood* 
Proteins  are  the  most  abundant  solids  of  lymph,  as  they  are  of  plasma,  but 
only  about  half  as  concentrated.  Those  entering  into  the  clotting  process 
are  not  sufficiently  concentrated  to  produce  as  firm  a  clot  in  lymph  as  in 
blood.” 
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The  cellular  content  of  lymph  is  variable,  but  it  is  minimal  in 
lymph  such  as  chyle  having  a  high  fat  content.  The  predominant  cell  present 
is  the  lymphocyte,  but  there  are  always  some  eiythrocytes  present.  The 
number  of  eiythrocytes  in  thoracic  duct  lymph  can  readily  be  increased  by 
abdominal  massage,  and  by  passive  and  active  movements  of  the  extremities  *"^ 

The  rate  of  lymph  flow  is  variable,^1  and  dependent  on  numerous 
factors,  including  activity  of  the  part,  blood  pressure,  hydration,  oxygen 
and  carbon  dioxide  levels,  and  physical  factors  such  as  heat  and  cold. 
Anesthesia  has  a  depressant  effect  on  the  rate  of  lymph  flow,  but  Drinker^ 
states  that  under  stable  conditions  using  nembutal  anesthesia  in  dogs,  a 
steady  flow  of  lymph  may  be  obtained  for  several  hours  from  cannulated 
lymphatics.  He  reports  a  mean  lymph  drainage  of  4*3  millilitres  per  10 
minutes  from  the  thoracic  duct  in  dogs  averaging  19  kilograms  in  weight,  and 
under  barbiturate  anesthesia. 

The  second  phase  of  the  present  study  was  undertaken  to  determine 
the  effect  of  diversion  of  normal  bile  flow  on  the  uptake  of  radioactiviiy 
in  lymph  from  the  gastrointestinal  tract  and  in  blood  plasma,  utilizing  the 
initial  series  of  animals  as  controls*  Diversion  of  bile  flow  was  proposed 
by  cannulation  of  the  common  bile  duct.  The  biliaiy  system  was  decompressed 
by  either  removal  of  the  gall  bladder,  or  by  drainage  of  the  gall  bladder 
with  ligation  of  the  cystic  duct. 

Bile  has  been  defined^  as  the  yellowish  brown  or  green  fluid 
secreted  by  the  liver,  stored  in  the  gall  bladder,  and  discharged  into  the 
duodenum. 


The  route  of  bile  drainage^2  is  from  the  liver  cells  through 
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Intercellular  canaliculi,  to  interlobular  bile  ducts#  These  intrahepatic 
ducts  form  an  anastomotic  network  that  drains  into  the  right  and  left 
hepatic  ducts.  These  ducts  fuse  externally  to  form  the  common  hepatic 
duct.  At  the  junction  of  the  cystic  duct  from  the  gall  bladder,  the  common 
hepatic  duct  becomes  the  common  bile  duct  which  empties  into  the  duodenum. 

5 

Bell  lists  the  constituents  of  bile  as  water,  solids,  bile  salts, 

bile  pigments,  cholesterol  and  inorganic  salts.  Gall  bladder  bile  is  more 

8 

concentrated  than  bile  from  the  hepatic  ducts,  and  Best  states  that  in  the 
gall  bladder,  water  is  absorbed  and  materials  such  as  cholesterol  and  mucus 
are  added. 

Although  bile  is  continuously  secreted,  the  rate  of  flow  into  the 
S 

intestine  is  intermittent*  Factors  influencing  the  rate  of  flow  include 
stimulants  causing  gall  bladder  contraction  and  substances  directly  increas¬ 
ing  bile  secretion.  The  most  important  of  the  latter  are  the  bile  salts, 
which  normally  undergo  an  enteroliepatic  circulation.^  They  pass  in  the  bile 
into  the  duodenum,  are  largely  reabsorbed  from  the  bowel,  and  recirculated 
by  way  of  the  portal  circulation,  to  be  concentrated  in  the  liver  for 
resecretion  into  the  bile.  During  withdrawal  of  bile  through  a  fistula 
with  consequent  loss  of  bile  salts,  bile  secretion  gradually  diminishes,  but 
may  be  increased  by  introduction  of  bile  salts  into  the  intestine. 

The  dog  has  not  been  a  popular  experimental  animal  for  radioiodine 

11  18 

uptake  studies.  One  disadvantage  has  been  the  belief,  among  some  workers,  * 
that  the  dog  is  less  dependant  on  its  thyroid  gland  for  normal  metabolic 
activities  than  other  species.  This  belief  arose  due  to  the  difficulty  in 
producing  evidence  of  hypotbyroidism  in  dogs  by  the  usual  techniques  of 
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surgical  thyroidectomy  or  treatment  with  antithyroid  drugs,  9  and  also 

11 

because  plasma  protein-bound  iodine  levels  are  low  in  this  species# 

19 

Goldberg,  however,  in  1952,  utilizing  large  doses  of  radioiodine, 
produced  total  radiothyroidectoEy  in  several  dogs*  He  demonstrated  the 
later  development  of  clinical  nyxedema,  and  of  behavioural  and  pathological 
changes  characteristic  of  hypothyroidism  in  these  animals*  Goldberg  con¬ 
ceded  that  the  dog  may  require  only  minute  amounts  of  thyroid  hormone  for 
the  maintenance  of  an  apparently  normal  metabolic  state,  but  maintained 
that  hypothyroidism  could  be  produced  following  total  thyroidectomy  in  dogs* 

The  thyroid  uptake  of  radioactive  iodine  in  dogs  was  investigated 
17 

by  Fredrickson,  in  1955*  He  injected  a  tracer  dose  (5-10  microcuries), 
of  radioiodine  intravenously,  and  utilizing  a  specially  constructed  scintil¬ 
lation  counter,  he  determined  thyroid  uptake  by  external  counting  in  the 
unanesthetized  animal*  Maximum  thyroid  uptake  was  attained  slowly  in  his 
series,  reaching  a  peak  at  the  third  day*  However,  the  reported  average 
percentage  of  the  tracer  dose  eventually  detected  in  the  thyroid  gland  of 
the  dog  was  essentially  the  same  as  that  in  the  human* 

The  dog  was,  therefore,  considered  an  adequate  experimental  animal 
for  use  in  the  present  investigation* 

The  final  phase  of  the  present  study  was  undertaken  to  determine 
the  effects  on  the  uptake  of  radioactivity  in  plasma  produced  by  the 
anesthetic  and  operative  procedures  of  the  initial  phases*  A  series  of 
control  animals  under  physiological  conditions  was  proposed  for  this  portion 
of  the  study* 
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CHAPTER  I 

STANDARDIZATION  OF  SURGICAL  TECHNIQUES 

JMSLJt 

Gannulation  of  the  Thoracic  Duct 

The  operative  technique  for  cannulation  of  the  thoracic  duct  is 
31 

described  ty  Markowitz  as  follows: 

nThis  is  a  good  exercise  in  careful  dissection.  It  requires  more 
skill  than  cannulating  a  small  vein  or  arteiy,  since  the  duct  walls  are 
veiy  thin,  and  collapse  when  incised,  owing  to  the  escape  of  contained 
lymph.  This  exercise  is  facilitated  if  the  animal  is  given  about  200  mis. 
of  vegetable  oil  and  200  mis.  of  milk  by  stomach  tube  about  three  hours 
previously.  The  addition  of  30  grams  of  butter  saturated  with  Sudan  III 
makes  the  identification  of  the  duct  easier  (Dragstedt  and  Dragstedt) .  The 
experiment  is  likely  to  fail  if  the  animal  has  severe  distemper.  Such  an 
animal  is  so  dehydrated  that  the  lymph  flow  is  almost  nil,  with  the  result 
that  it  takes  experience  to  identity  the  thoracic  duct  at  the  root  of  the 
neck. 

®  Under  ether  anesthesia,  and  with  facilities  for  artificial  respira¬ 
tion  immediately  available  in  case  the  pleura,  is  punctured  in  the  dissection, 
an  incision  is  male  slightly  to  one  side  of  the  left  jugular  vein,  which  is 
usually  visible  in  a  dog  with  a  shaved  neck.  The  vein  is  dissected  down  to 
its  junction  with  the  left  subclavian,  small  tributaries  being  cut  between 
ligatures.  The  point  where  the  diminutive  internal  jugular  vein  empties 
into  the  common  jugular  is  identified.  At  this  point  the  cellular  space 
over  the  apex  of  the  left  lung  is  opened  up  with  the  handle  of  a  scalpel, 
and  emptying  into  the  venous  cistern  can  usually  be  seen  a  milky  white  cord. 
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This  should  actually  be  traced  to  its  entry  into  the  venous  cistern,  as 
otherwise  an  enlarged  cervical  lymph  trunk  may  be  mistakenly  cannulated* 

nAs  soon  as  the  duct  is  tied,  it  becomes  distended*  It  is  now 
cannulated  in  the  typical  manner*  A  Harvard  arterial  cannula  of  moderate 
size  is  inserted.  This  is  connected  with  a  paraffined  tube  of  rubber  that 
projects  through  the  skin  incision,  which  is  closed  in  the  usual  manner* 

If  clotting  occurs  in  the  tubing,  the  clot  should  be  expressed  from  the 
tubing  by  manipulation  with  the  fingers.  If  this  is  unsuccessful,  the  rub¬ 
ber  tube  should  be  disconnected  ffcom  the  cannula  and  flushed  through. 
Occasionally  the  cannula  itself  becomes  clotted,  end  must  be  cleaned.  This 
can  usually  be  done  without  removing  it  from  the  vessel.  The  surgeon  should 
familiarise  himself  with  the  properties  of  lymph.  In  surgical  literature, 
the  term  *  lymph*  is  applied  to  all  forms  of  tissue  fluid  with  the  exception 
of  blood.8* 

Numerous  trial  dogs  were  operated  upon  in  order  to  develop  a 
reliable  technique  of  cannula tion,  end  it  was  found  necessary  to  modify  the 
procedure  outlined  ty  Markowitz  in  several  respects. 

Each  animal  received  no  food  or  water  for  at  least  12  hours  prior 
to  anesthesia.  This  assured  an  essentially  empty  stomach  for  the  experi¬ 
mental  procedure,  and  facilitated  pre-operative  milk  ingestion. 

To  aid  in  identification  and  cannulation  of  the  thoracic  duct,  it 
was  found  necessary  to  administer  whole  milk  to  each  animal  orally,  about 
one  hour  before  operation.  An  arbitrary  dose  of  25  mis.  of  milk  per  kilo¬ 
gram  body  weight  was  administered  to  stimulate  lymph  flow  so  that  the 
thoracic  duct  could  be  more  readily  identified  in  the  neck  dissection.  The 
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additional  pre-operative  ingestion  of  butter,  vegetable  oils,  or  fat  <3yes, 
•was  not  found  to  enhance  thoracic  duct  identification,  nor  was  such  a  hea-yy 
fat  meal  well  tolerated  ty  many  of  the  trial  dogs. 

The  anesthetic  agent  used  was  powdered  nembutal,  converted  prior 
to  use  into  a  50  milligram  per  ml.  solution  in  distilled  water,  and  injec¬ 
ted  intravenously  in  a  dose  of  35  mis.  per  kilogram  body  weight.  This  was 
found  to  give  a  smooth,  rapid  induction,  and  surgical  anesthesia  for  2  to 
4  hours.  Anesthesia  could  readily  be  maintained  beyond  this  period  ty 
additional  intravenous  injections  of  1  to  2  mis.  of  the  nembutal  solution 
at  hourly  intervals  or  whenever  necessary.  Endotracheal  intubation  was 
routinely  performed. 

Each  animal  was  restrained  in  a  supine  position  with  its  neck 
extended  and  the  head  turned  to  the  right,  exposing  the  left  side  of  the 
neck.  The  skin  of  the  neck  was  incised  obliquely  from  the  sternum  to  the 
lateral  border  of  the  left  stemomastoid  muscle,  crossing  the  path  of  the 
left  external  jugular  vein.  The  incision  was  carried  down  to  the  jugular 
vein,  which  was  freed  to  the  junction  of  the  left  subclavian  vein.  Hemo¬ 
stasis  was  meticulous.  The  thoracic  duct  was  usually  identified  at  its 
termination  in  a  widened  ampulla  that  entered  into  the  undersurface  of  the 
junction  of  left  subclavian  and  jugular  veins  (Fig.  1).  Several  smaller 
lymphatics  of  the  neck  were  often  found  to  unite  at  this  ampulla.  These 
were  ligated  and  divided.  The  thoracic  duct  was  then  ligated  at  the 
ampulla.  Following  this  manoever,  the  duct  became  distended,  and  it  was 
carefully  freed  dis tally  for  about  one  cm.  distance.  ¥ith  care,  entry  into 
the  pleural  cavity  could  always  be  avoided. 
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Cannula tion  of  the  duct  was  found,  after  many  attempts,  to  be  best 
accomplished  in  the  following  manner:  exerting  slight  tension  on  the  duct 
Ty  means  of  the  tie  on  the  ampulla,  a  blunt,  thin-walled  No*  17  or  No.  18 
hypodermic  needle  was  gently  injected  into  the  duct.  Through  the  lumen  of 
this  needle,  a  fine  polythene  tube  (No.  50  or  No.  60) ,  was  then  threaded 
into  the  duct  for  a  distance  of  2  cms.  to  5  cms.  and  tied  into  place.  Fine 
serrations  made  previously  on  the  polythene  tube  exterior  provided  a  grip 
for  the  ligature  that  prevented  the  tube  from  slipping  out  of  the  duct. 

The  tube  was  then  anchored  to  adjacent  tissue  and  brought  out  through  the 
incision,  or  through  a  stab  wound  in  a  manner  to  prevent  it  from  becoming 
kinked. 


Lymph  was  allowed  to  drip  freely  from  the  end  of  the  polythene 
cannula.  The  operative  time  for  this  procedure,  following  experience  with 
the  technique,  averaged  about  1.5  hours. 

The  clotting  of  lymph  has  been  well  described  ty  Drinker.^  Clot¬ 
ting  tended  to  occur  readily  in  the  terminal  thoracic  duct  or  in  the  fine 
polythene  tubes  in  operated  animals  following  ary  obstruction  to  lymph  flow. 
Attempts  to  collect  quantitatively  continuous  lymph  drainage  from  the 
thoracic  duct  in  trial  animals  who  were  allowed  to  recover  from  anesthesia 
were  unsatisfactory.  General  activity  of  the  animals  tended  to  kink  and 
occlude  the  polythene  cannulae,  made  frequent  sampling  and  accurate  lymph 
collection  difficult,  and  introduced  a  risk  of  contamination  of  the  samples 
ty  the  animals1  secretions  following  radioiodine  administration. 

These  complications  were  avoided  by  maintaining  the  animals  under 
nembutal  anesthesia  for  the  duration  of  the  acute  experiment.  Clotting 
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was  prevented  l y  collection  of  lymph  in  centrifuge  tubes  heparinized  prior 
to  use  with  1:1000  aqueous  heparin  solution  allowed  to  diy  as  a  film  on 
the  inner  tube  surface  •  The  polythene  tubing  used  for  cannulation  was 
also  rinsed  before  use  with  this  heparin  solution. 
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PART  B 

Cannula tion  of  the  Jugular  Vein 

To  obtain  samples  of  peripheral  venous  blood  for  determinations 
of  radioactivity,  the  external  jugular  vein  on  the  right  side  of  the  dog’s 
neck  was  cannulated. 

Under  anesthesia,  with  the  animal  in  a  supine  position,  the  neck 
was  extended.  Digital  pressure  applied  supras ternally  caused  the  vein  to 
become  distended.  A  large  No.  13  hypodermic  needle  was  stabbed  through 
the  skin  and  into  the  vein.  As  the  needle  entered  the  lumen  of  the  vein, 
a  fine  No.  160  polythene  tube  was  threaded  through  the  needle  barrel  and 
centrally  into  the  vein  for  several  centimeters  distance.  This  tube  was 
filled  with  heparin  solution  diluted  to  li 50,000  with  normal  saline  to 
prevent  clotting.  The  external  end  of  the  tube  was  then  clamped.  By 
releasing  the  clamp  and  removing  the  heparin  solution,  samples  of  blood 
were  withdrawn  at  the  required  intervals  into  heparinized  vacuum  tubes. 
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PART  C 

C  Emulation  of  the  Common  Bile  Duct 

Several  operative  techniques  for  draining  bile  externally  are 
described  by  Markowitz.*^*  The  simplest  technique  is  that  of  Rous  and 
McMaster^  in  which  the  common  bile  duct  is  cannula  ted,  and  the  bile 
drained  externally,  where  it  is  collected  in  a  sterile  rubber  balloon. 

This  technique  is  described  as  follows: 
w.  .  .  •  The  tubing  must  be  pliable  to  prevent  its  occlusion  by  kinking. 

It  must  be  resistant  as  it  passes  through  the  abdominal  wall  to  maintain 
its  patency.  In  practice  one  uses  a  large,  pointed  glass  cannula  with  a 

small  flange  at  one  end.  This  leads  to  pure  gum  tubing . .  The  gum 

tubing  in  turn  leads  to  a  U-shaped  glass  tube  which  is  so  adjusted  that 
the  bend  lies  near  the  brim  of  the  pelvis.  The  other  limb  of  the  U  tube 
is  connected  to  firm  stethoscope  tubing,  of  which  the  walls  are  sufficiently 
rigid  to  prevent  collapse  by  the  pressure  of  the  abdominal  muscles.  The 
free  end  of  this  tube  leads  to  a  tcy  balloon,  which  has  a  capacity  of  at 
least  200  mis.  when  deflated.  A  tube  is  inserted  between  the  balloon 
and  abdominal  wall,  and  collections  of  bile  are  made  ty  aspirating  the  bal¬ 
loon  through  this  T  tube. 

w.  •  •  •  A  right  rectus  incision  is  made  in  the  abdominal  wall  of  a  dog. 

The  gall  bladder  area  is  exposed,  and  the  common  bile  duct  tied  as  close  to 
the  duodenum  as  possible.  This  is  to  prevent  the  remote  possibility  of 
regurgitation  of  infected  duodenal  contents.  The  gall  bladder  neck  is 
severed  between  ligatures,  care  being  taken  not  to  interfere  with  the  cystic 
arteiy .  It  is  advisable  to  aspirate  the  bile  in  the  gall  bladder  with  a 
hypodermic  needle  and  ary  oozing  from  the  point  of  puncture  is  stopped  with 
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a  purse  string  suture.  The  cannula  is  now  inserted  in  the  usual  manner 
into  the  common  bile  duct.  The  ligature  for  tying  the  cannula  consists  of 
medium  silk  twist,  which  has  less  tendency  to  cut  through.  The  common 
duct  is  now  severed  below  the  cannula. .....  •  The  abdominal  incision  is 

closed  in  the  usual  manner.  n 

It  was  found  inadvisable  in  the  present  study  to  employ  a  perma¬ 
nent  drainage  of  bile  as  described  above.  The  technique  was  therefore 
modified  in  several  respects. 

Under  nembutal  anesthesia,  the  abdomen  was  entered  through  a  mid¬ 
line  incision.  The  liver  was  retracted,  and  the  common  bile  duct 
identified  at  its  entrance  into  the  duodenum,  usually  2  to  5  eras,  distal 
to  the  pylorus.  The  common  duct  was  then  isolated  and  the  entrance  of  the 
cystic  duct  identified.  The  cystic  duct  was  doubly  ligated. 

In  several  animals  the  gall  bladder  presented  readily.  Following 
ligation  of  the  cystic  duct  in  these  animals,  the  cystic  arteiy  was  ligated 
and  divided,  and  the  gall  bladder  removed.  In  other  dogs,  the  gall  bladder 
was  deeply  embedded  in  the  liver  lobes,  and  removal  was  considered  to  be  an 
excessively  traumatic  procedure.  In  these  animals,  utilizing  a  syringe  and 
No.  21  hypodermic  needle,  the  gall  bladder  was  drained  of  its  bile. 

The  common  bile  duct  was  ligated  at  its  point  of  entrance  into  the 
duodenum.  Proximal  to  this  ligation,  a  longitudinal  incision  was  made  in 
the  duct,  and  a  fine  No.  160  or  No.  190  polythene  tube  was  introduced  into 
the  duct  so  that  the  end  of  the  tube  lay  distal  to  the  junction  of  the 
hepatic  ducts.  The  tube  was  tied  in  place  with  double  circumferential  silk 
sutures  around  the  duct.  The  common  duct  was  then  divided  proximal  to  its 
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entrance  into  the  duodenum. 

The  free  end  of  the  polythene  cannula  was  brought  out  through  the 
incision.  Bile  was  allowed  to  drain  freely  from  the  end  of  the  tube.  The 
abdomen  was  closed.  Operative  time  for  this  procedure,  following  famili¬ 
arity  with  the  technique,  averaged  about  one  hour. 
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CHAPTER  II 

EXPERIMENTAL  PROCEDURES 
PART  A 

Preparation  of  Animals 

Eighteen  adult  mongrel  dogs  of  both  sexes,  weighing  from  9  to 
20  kilograms,  were  used  in  this  investigation. 

In  the  initial  phase  of  the  study,  a  series  of  6  dogs  was  used 
to  determine  the  uptake  of  radioiodine  in  lymph  and  in  blood  plasma. 

These  animals  comprised  Group  I,  and  consisted  of  dogs  No.  1  to  6 
(Table  I) . 

In  these  animals,  lymph  was  obtained  ty  cannula ti on  of  the 
thoracic  duct  in  the  neck  following  the  technique  previously  described. 

The  jugular  vein  on  the  opposite  side  of  the  neck  was  cannulated  for 
the  purpose  of  blood  sampling,  using  the  technique  described  in  Chapter  I. 
The  abdomen  was  opened  through  a  midline  incision,  and  a  tracer  dose  of 
radioiodine  was  injected  directly  into  the  stomach.  The  abdomen  was 
closed,  and  samples  of  lymph  and  plasma  were  collected  for  12  hours  fol¬ 
lowing  injection  of  radioiodine.  The  animals  were  maintained  under 
anesthesia  during  this  period.  These  dogs  also  served  as  controls  for 
the  following  series  described  below. 

In  the  second  phase  of  this  investigation,  a  series  of  6  dogs  was 
used  to  determine  the  effects  of  diversion  of  bile  flow  on  the  uptake  of 
radioiodine  in  lymph  and  in  blood  plasma.  These  animals  comp  .rised  Group 
II,  end  consisted  of  dogs  No.  7  to  12  (Table  I)  • 


n  H; 


a  •  x  m 

\  Tirci 


. 

nv.t 

•  ■  :: 

c  ’  9 

V  .'.  '  to.:  ..r;:;: -o  •  vo  *  h 

r;  ) 

",  l,n  a  j::  t.jrb 

f.Oob. '  y  b 

•  ,  b. 

ol  rt 

■i‘:  b 

.  • 

y  . 

1 

lo  p  ; 

uv  LJ: job 

:ii  obi  tfl 

.  I 

o  >h 

‘  0. 

3,  V  ■ 

7  obi  yy->  ot 

O  03 

c 

b.  :o 

t*  tfx 

3*s  D  o?  yy: 

'0  7.C  ■  «  ;ob? 

.  ... 


'  '  it  £  r.  t  c  _  f  6  :  i  \o  •;  ■  3  '  ,  C  In  s  It 

.  a 

lo'.  :.\v  v:  '  o  o  :  :>»  v  i  'bo  3  o'yoo  o  9. it  no  :v  -v  •;  I  :  .  3  :T 

’i '  j  r  '.  '  j >  on  /  o  v  -v't  ;  joc.L'  ?:  o  o  o  'i  v  ~..:b 

-  "  9  C  l  t  '  n  t  3  3  I  ■  P  V  ftO  3  T 

ottti  £t  00’S.!  .  •  • 

*1  i  vo  *•  ...r  o  ..vi  •  ;  r.  ■  >y  b  r  ,r  ic  a-  '.!  :s  •*:  .  :•  •  o.’!o 

T  .  '  1  r  >  “ 

■  y 

■  -  :  c  \j 


•y  i  V:  3  •?.:  . •  :j  \  o  :  ’  obi  ttZ 
•  V.  :  v.;.o  '..y  ..v:b.b.:  >  o  &  j  v.:.'.;  ot 

-  .  .  .  ‘ .  .  bb 


:o 


TASTE  I 


NUMBER,  HEIGHT  IN  KILOGRAMS,  AND  SEX  OF  EACH  ANIMAL  IN 

4  EXPERIMENTAL  GROUPS  OF  DOGS 

GROUP  I 

GROUP  II 

(6  Control  Dogs) 

(6  Common  Duct  Dogs) 

NO* 

NT. 

SEX 

NO. 

NT. 

SEX 

1 

15.5 

MALE 

7 

14.0 

FEMALE 

2 

10.0 

MALE 

a 

15.0 

MALE 

3 

11.0 

MALE 

9 

19.0 

MALE 

4 

n.5 

MALE 

10 

20.0 

MALE 

5 

10.5 

FEMALE 

n 

19.5 

MALE 

6 

20.0 

FEMALE 

12 

20.0 

MALE 

GROUP  in 

GROUP  IV 

(3  Control  Dogs) 

(3  Control  Dogs) 

NO* 

NT. 

SEX 

NO. 

NT. 

SEX 

13 

9.0 

FEMALE 

16 

12.5 

MALE 

14 

IS.  5 

MALE 

17 

15.5 

FEMALE 

15 

15.5 

FEMALE 

18 

17.0 

MALE 
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In  these  dogs,  lymph  was  similarly  obtained  ty  cannula ti on  of  the 
thoracic  duct  in  the  neck,  and  the  jugular  vein  was  similarly  cannula  ted 
for  blood  sampling.  In  addition,  however,  the  common  bile  duct  was  can- 
nulated  to  divert  the  flow  of  bile,  using  the  technique  described  in 
Chapter  I*  Following  this  procedure,  radioiodine  was  similarly  injected 
directly  into  the  stomach,  and  the  abdomen  was  closed.  Samples  of  lymph 
and  plasma  were  collected  in  all  of  these  animals  during  12  hours  follow¬ 
ing  injection  of  radioiodine.  The  animals  were  maintained  under  anesthesia 
during  this  period.  Samples  of  bile  were  successfully  collected  in  3 
animals  (dogs  No.  10,  11,  12)  during  the  12  hour  period. 

In  the  final  phase  of  this  investigation,  a  series  of  6  dogs  was 
used  to  determine  any  effects  of  radioiodine  absorption  ty  the  milk  inges¬ 
tion  prior  to  operation,  operative  trauma,  prolonged  anesthesia,  and  the 
moderate  fluid  loss  caused  ty  frequent  sampling,  in  the  previous  two  groups 
of  dogs. 


Three  animals  of  this  final  series,  dogs  No.  13,  14  and  15, 
comprised  Group  III  (Table  I)  •  These  dogs  received  no  milk  pre-opera tively • 
They  were  anesthetized  with  nembutal,  and  the  jugular  veins  cannulated  for 
blood  sampling.  Through  an  abdominal  incision,  radioiodine  was  injected 
directly  into  the  stomach.  'These  animals  received  no  further  anesthetic, 
and  samples  of  blood  were  taken  at  infrequent  intervals  during  12  hours 
following  radioiodine  injection. 

Dogs  No.  16,  17  and  18  comprised  Group  IV  (Table  I)  •  These  ani¬ 
mals  were  not  anesthetized  nor  operated  upon,  and  constituted  a  group  of 
physiological  controls.  Radioiodine  was  given  orally  in  their  drinking 
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water,  and  samples  of  blood  were  taken  from  the  peripheral  veins  at 
infrequent  intervals  during  12  hours  following  administration  of  radio¬ 
iodine* 


Administration  of  Radioactive  Iodine 


Daily  iodine  intake  in  the  diet  is  important  in  any  radioiodine 
17 

study*  The  animals  in  this  investigation  were  maintained  on  commercial 
Miracle  Dog  Food  prior  to  their  use*  The  percentage  of  iodine  in  this  dog 
food  is  known  ty  analysis  (Appendix  I) ,  and  the  daily  dietary  intake  of 
iodine  was  found  hy  calculation  of  an  average  ration  to  be  about  1,000 
micrograms  of  iodine  per  day  for  each  dog.  This  readily  supplied  the 
average  daily  iodine  requirement  of  an  adult  dog,  of  33  micrograms  per 
kilo.3 

Carrier-free  radioactive  iodine  (d3^j  having  a  physical  half- 
life  of  eight  days,  was  used  in  this  study.  This  material  was  obtained 
both  from  the  Radioisotope  Laboratory  at  the  University  of  Alberta 
Hospital,  and  from  various  commercial  sources  in  Eastern  Canada. 

The  arbitrary,  standard  dose  of  radioiodine  used  for  these  tracer 

studies  was  A  microcuries  per  kilogram  body  weight  of  each  animal.  This 

compares  with  the  average  tracer  dose  of  50  micro  curies  per  patient  used 

4S 

in  clinical  diagnostic  studies  of  thyroid  function. 

Each  quantity  of  radioiodine  solution,  when  initially  prepared, 

131 

contained  100  micro  curies  of  I  ^  per  millilitre  in  distillled  water. 

Daily  decay  was  compensated  ty  calculation  from  a  standard  table  of  the 

131 

I  ^  disintegration  curve®3  Solutions  prepared  more  than  S  days  pre¬ 
vious  to  ary  injection,  were  not  used.  The  initial  concentrated  solution 
was  carefully  pipetted  prior  to  use,  and  quantitatively  diluted  in  distilled 
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■water,  so  that  one  millilitre  contained  4  microcuries  of  radioiodine.  The 
required  dose  (4  microcuries  per  kilo),  was  then  withdrawn  from  this  solu¬ 
tion  into  a  syringe  for  injection* 

In  animals  of  Group  I,  following  cannulation  of  the  thoracic  duct 
and  jugular  vein,  the  abdomen  was  opened  through  a  midline  incision*  The 
stomach  was  identified  and  grasped  with  forceps*  The  dose  of  radioiodine 
was  injected  into  the  stomach  by  an  associate.  Presence  of  the  needle  in 
the  stomach  was  confirmed  by  withdrawal  of  air  or  milky  fluid  into  the 
syringe  just  prior  to  injection.  The  needle  and  syringe  were  withdrawn, 
care  being  taken  not  to  contaminate  instruments,  surrounding  tissues,  or 
the  operator  with  residual  radioactivity  in  the  qyringe.  The  stomach  was 
released  and  the  abdomen  closed  (Figure  II)  •  This  operative  abdominal 
procedure  also  served  as  a  control  laparotouy  for  animals  in  Group  II,  in 
whom  the  common  bile  duct  was  cannulated. 

In  animals  of  Group  II,  following  the  cannulation  procedures  of 
thoracic  duct  and  jugular  vein,  radioiodine  was  similarly  injected  into 
the  stomach  while  the  abdomen  was  open  immediately  following  cannulation 
of  the  common  bile  duct.  The  abdomen  was  then  closed  (Figure  II) . 

In  animals  of  Group  III,  following  cannulation  of  the  jugular  vein, 
the  abdomen  was  entered  through  a  midline  incision  and  radioiodine  was 
injected  into  the  stomach  in  a  similar  fashion  (Figure  II)  • 

In  animals  of  Group  IV,  in  whom  no  anesthesia  or  operative  pro¬ 
cedure  was  carried  out,  the  dose  of  radioiodine  was  placed  in  a  clean  feed¬ 
ing  bowl,  diluted  with  about  50  mis.  of  distilled  water,  and  ingested  by 
the  animal.  Each  animal  was  isolated  to  avoid  contamination  by  its 
secretions  (Figure  II) . 
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FIGURE  II 
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PART  C 

Collection  of  Samples 


26 


To  determine  the  appearance  and  progression  of  radioactivity  in 
blood  and  lymph,  samples  were  taken  at  frequent  intervals  during  a  12 
hour  period  following  the  administration  of  radioiodine. 


In  animals  in  Groups  I  and  II,  collection  intervals  were  as 
follows:  10  minute  intervals  for  the  first  one-half  hour,  half-hourly 
for  the  first  4  hours,  then  hourly  for  the  remainder  of  the  12  hours. 

In  3  animals  in  Group  II,  bile  was  collected  following  radioiodine  injec¬ 
tion.  Collection  of  bile  was  divided  into  the  following  intervals: 
half-hourly  for  the  first  4  hours,  then  hourly  for  the  remainder  of  the 
12  hours. 


Control  animals  in  Groups  III  and  IV  had  samples  of  blood  taken 
at  intervals  of  only  1,  4  and  12  hours  following  administration  of  radio¬ 
iodine. 


Blood  was  collected  in  heparinized,  vacuum  tubes.  Samples  were 
readily  obtained  from  animals  in  Groups  I,  II,  and  III  in  whom  the  jugular 
veins  were  cannula ted.  At  the  required  intervals,  the  dilute  heparin 
solution  in  the  polythene  tubes  was  removed,  and  about  5  mis.  of  venous 
blood  withdrawn  into  the  vacuum  tubes.  In  animals  in  Group  IV,  at  the 
required  intervals,  about  5  mis.  of  blood  was  withdrawn  into  vacuum  tubes 
from  the  cubital  vein  in  the  foreleg. 

Within  an  hour  following  removal,  each  blood  sample  was  centri¬ 
fuged  for  15  minutes  at  3000  revolutions  per  minute  (r.p.m.) ,  effectively 
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separating  cells  and  plasma.  Hemolysis  was  minimal.  One  millilitre 
aliquot  samples  of  plasma  were  pipetted  into  clean  dry  test  tubes  for 
counting  of  radioactivity. 

The  total  lymph  drainage  during  12  hours  from  the  cannula  ted 
thoracic  duct  was  collected  from  each  dog  in  Groups  I  and  II.  The  col¬ 
lection  period  was  divided  into  the  intervals  previously  described.  Lymph 
was  collected  in  heparinized,  graduated  centrifuge  tubes.  The  volume  in 
each  tube  was  noted,  and  the  collected  sample  was  centrifuged  for  15 
minutes  at  3000  r.p.m.  to  separate  ary  erythrocytes  from  the  lymph.  One 
millilitre  aliquot  samples  of  lymph  were  pipetted  into  deem,  dry  test 
tubes  for  counting  of  radioactivity  • 

The  total  bile  drainage  during  12  hours  from  the  cannulated  com¬ 
mon  bile  duct  was  collected  from  each  of  three  dogs  in  Group  II.  The 
collection  period  was  divided  into  the  intervals  previously  described. 

Bile  was  collected  in  graduated  test  tubes.  The  volume  in  each  tube  was 
noted,  and  one  millilitre  aliquot  samples  of  bile  were  pipetted  into  clean, 
day  test  tubes  for  counting  of  radioactivity  • 
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PART  D 

Counting  and  Calculation  of  Radioactivity 

Radioactivity  was  counted  in  a  Model  810-A  Well  Scintillation 
Detector  connected  to  a  Tracerlab  Superscaler  SC-18*  This  Well 
detector  permitted  the  direct  counting  of  each  millilitre  sample  of  fluid 
in  a  test  tube* 

A  standard  solution  was  prepared  ty  diluting  2  millilitres 
(containing  8  microcuries  of  radioiodine),  of  the  original  solution  used 
for  each  injection  in  100  mis.  of  distilled  water.  One  ml.  of  this  dilu¬ 
ted  solution  pipetted  into  a  clean,  dry  test  tube  served  as  a  standard 
for  the  counting  of  radioactivity  of  samples  from  each  animal. 

The  one  ml.  aliquots  of  plasma,  lymph  or  bile  were  counted  for  3 
minutes,  and  the  count  per  minute  (c.p.m.)  was  determined.  The  standard 
solution  was  counted  at  the  same  time,  -and  counts  of  this  standard  solu¬ 
tion  and  of  background  activity  were  repeated  at  frequent  intervals  to 
insure  stability  of  the  counting  of  the  samples.  The  corrected  count  per 
minute  of  each  one  ml.  aliquot  sample  was  determined  ty  subtracting  the 
background  count  from  the  apparent  count. 


A  sample  counting  follows? 

Group  Mo.*  I 

Dog  Ho.  ?  3 

Sample:  Plasma 

Time:  1  Hour 

Apparent  count  per  3  minutes  of  sample:  4500 

Apparent  count  per  1  minute  of  sample: 


1500 
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Background  count  per  1  minute: 
Corrected  count  per  1  minute  of  sample: 


253 
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The  radioactivity  in  counts  per  minute  of  each  injected  dose  of 
radioiodine  was  determined  from  the  corrected  count  per  minute  of  the 
standard  solution.  Each  one  ml.  aliquot  of  standard  solution  represented 
a  dilution  of  the  same  initial  solution  that  was  administered  to  each  ani¬ 
mal*  The  radioactivity  of  the  injected  dose  could  thus  be  determined  ty 
multiplication  of  the  c.p.m.  of  the  standard  ty  the  diluting  factor  and 
ty  the  number  of  millilitres  of  the  injected  dose. 


A  sample  calculation  follows: 

Group  Mo.: 

Bog  No.: 

Sample: 

Corrected  count  per  minute  of  sample: 

Weight  of  dogs 

Injected  Bose  (4  microcuries  per  kilo) : 

Injected  Bose  (4  microcuries  per  ml.) : 

Diluted  Standard  Solutions 

Corrected  count  per  minute  of  1  ml,  aliquot 

of  diluted  standard: 

Diluting  factor  (100/3): 

Count  per  minute  of  1  mi crocuri.es  ( 2ty  119  x  12.5) 

Count  per  minute  of  injected  dose:  (60  microcuries) : 

263,937  x  60  : 


II 

8 

Standard  solution 
21,119 
15  kilos 
60  micro curies 
15  mis. 

2  mis.  (3  microcuries) 
of  injected  solution 
in  100  mis.  water. 

21,119 


12.5 

263,937 

15,339,220 


For  purposes  of  comparison,  radioactivity  of  the  samples  was 
expressed  as  a  percentage  of  the  Injected  dose.  Calculation  of  this 
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percentage  for  the  one  ml*  samples  of  plasma,  lymph  or  bile  produced  a 
fraction  of  one  per  cent.  For  purposes  of  presentation,  this  was  con¬ 
verted  to  a  per  cent  of  the  injected  dose  per  litre. 

The  concentrations  of  radioactivity  of  the  one  ml.  aliquot 
samples  of  plasma  and  lymph  collected  during  the  12  hour  period  follow¬ 
ing  radioiodine  injection  in  animals  in  Groups  I  and  II  were  thus  calcu¬ 
lated  and  expressed  as  a  percenta.ge  of  the  injected  dose  per  litre. 

In  addition,  radioactivity  of  the  hourly  output  of  lymph  in 
each  animal  in  Groups  I  and  II  was  calculated  fcy  multiplying  the  radio¬ 
activity  of  one  ml.  of  each  hourly  sample  by  the  volume  (in  mis.)  of  the 
sample.  Total  radioactivity  of  all  the  lymph  collected  during  the  12 
hour  period  was  then  determined  in  each  dog  of  Groups  I  and  II  ty  summation 
of  the  calculated  hourly  radioactivity  of  the  lymph. 

Concentrations  of  radioactivity  of  the  one  ml.  samples  of  bile 
were  similarly  calculated  as  described,  and  expressed  as  a  percentage  of 
the  injected  dose  per  litre,  in  the  3  animals  of  Group  II  in  whom  bile  was 
collected. 

Concentrations  of  radioactivity  of  the  one  ml.  samples  of  plasma 
in  animals  of  Groups  III  and  XY  were  also  similarly  calculated,  and 
presented  as  a  percentage  of  the  injected  dose  per  litre. 
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CHAPTER  III 

PRESENTATION  OF  RESULTS 

Results  are  presented  in  the  Tables  and  Figures  that  follow. 

The  volume  of  lymph  drainage  from  the  thoracic  ducts  in  the  6 
control  dogs  comprising  Group  I,  is  presented  in  Table  II  A.  The  aver¬ 
age  hourly  excretion  of  lymph  is  relatively  stable  in  each  animal.  A 
tendency  to  greatest  excretion  appears  in  the  4  to  6  hour  period,  while 
the  quantity  per  hour  tended  to  decrease  in  the  12  hour  period  in  each 
animal. 


Table  II  B  presents  the  volume  of  lymph  drainage  collected 
from  the  thoracic  ducts  of  the  common  bile  duct  cannula  ted  dogs  compris¬ 
ing  Group  II.  The  quantities  of  lymph  excreted  in  these  animals  closely 
parallel  the  results  obtained  in  Group  I.  Similarity  occurs  both  in 
actual  quantities  of  lymph  excreted,  and  in  the  tendency  for  the  highest 
excretion  period  to  be  at  4  to  6  hours,  with  a  diminution  in  excretion 
during  the  latter  part  of  the  collection  period. 

The  mean  volumes  and  ranges  of  lymph  excretion  in  animals  of 
Groups  I  and  II  are  presented  in  Table  II  C.  A  close  parallel  is 
apparent  in  the  mean  volumes  of  both  groups  during  the  12  hour  period. 

In  Table  II  D  are  presented  the  total  lymph  volumes  excreted 
from  each  dog  in  both  groups  during  12  hours.  There  is  less  than  10  mis. 
difference  in  the  mean  volumes  excreted  in  both  groups  of  animals. 


I  .t  o 

■  :  : 


:v  ,  ti  xix  ;  -  >  j  >  x  .  - 


o  Oi 


■  (rJ-  o  -j'  :■  "T.  o  ;  •  ’l  :  f;r'  ,r.  ’  .*.*  0  ■  r.r  0’7  o : i'J 

0..-.  ..."  ,  -  b..,x  .  ;  c.:  _r.  ,  vy..l  .I*xx  r  o  -  ,r "oy 


oXX  J*  "y.  x  S  y. 


jc.o.'o*-  'X  :.X0  a: 


:  ,  /  ■  hi '  tuo 


,  ■  ■  .  V  ' 

J-  ; : o-;  •'  X.'X  V.1  C  J'  'iif  X'  *Xi  'OL  ‘X  ’  !  U,:  O 


JO  .  a  rx  -  '  '  £  ■ 

-  ioo  s  ..x  j ■  ;■  x  f  .  c  ■  '  ‘  ■'  £  ■  ■  ’  a o  $  oJ  a  1  ■"  -  o  '  • 

-  *  -  ;  : 

.  •  ■,  -  '  •'  ■  ;  ■  ■ 

■  p  y  ■  tni  ba&  t  i  x  :©  :  =  >  '  ■  '■  £  ■  '•  £  rd  >  ■ 

i  •  s  ■  ■  ■' 


xx:.>.*:d*D3.C  "r.-o  :>  It"  lo 


T.IXoXl  3 


X  J 


j  . , "  ...  :  :  : ;  >."I*  -:o ::  >  '[  x  /.  *i  j:.:  >: : ■  o‘>  - 

,  L  -  > 

,  •  ■  '  -  £  :  .  -  .  [0*0  '  £  ‘  «  9  ©  ;  ■ '  $  )  !  ■  ' 

;  r,  •  j \Cov  r a A’ '»•  v  o  -.r  ;>  o-:: .)  :,‘Xri'.  ox:  *.  Cl  II  o.L  S  xT  nj. 

"  ’  ■XI: X  -'On  ;i0'  •  ••  XXOr*?: 


.  ...  '  L 

:  '  X.  '£')  :■  r,  ,  ::r.  v  ;<:•  •>  i  n  :::  r>n  yvt  ‘x‘:.:  x 


•.*32 


23 

Standard  deviations  were  calculated  using  the  following 


formula: 


Sample  Variance  »  (Sum  of  each  observation)  _  (Average  of  observations]^ 

No.  of  observations 


Standard  Deviation  =  V“g^*ple  Variance 
Probability  values  were  determined  from  standard  tables  of  *t‘  . 
Values  of  *  t *  were  calculated  using  the  following  formula: 


23 


tt*  s 


Ml  -  M2 


Sample  «li 


vT5si+  H2S2 

Ni'+  H2-2  X 

»L-f-  H2 

NX  N2 

Ml 

23  mean 

Sample  —2:  M2 

»  mean 

s  number 

n2 

«  number 

Si 

9  sample  variance 

S2 

»  sample  variance 
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TABLE  II  A 


VOLUME  (IK  MLS.)  CF  LTMPH  DRAINAGE  FROM  THE  THORACIC  DUCT 

IN  6  CONTROL  DOGS 

TIME 

IN 

HOURS 

1 

2 

GROUP  I 

DOG  NO. 

3  4 

5 

6 

V6 

1.8 

2.5 

2.2 

2.6 

2.0 

3.4 

V3 

1.2 

3.0 

2.3 

1.6 

1.0 

3.0  | 

3/2 

1.2 

1.7 

2.3 

2.6 

1.0 

2.7 

1 

8.5 

4.0 

9.0 

5.3 

3.0 

5.9 

1.5 

10.0 

4.5 

8.8 

2.3 

4.5 

13.9 

2 

10.0 

3.2 

8.4 

5.0 

7.4 

12.6  ! 

2.5 

9.0 

5.0 

11.6 

5.1 

7.2 

13.5 

o 

9.5 

4.0 

7.3 

5.0 

7.3 

12.9 

3.5 

9.0 

3.0 

6.0 

4.4 

7.5 

rt.2 

4 

9.5 

2.7 

5.8 

6.8 

6.9 

12.1 

5 

19.0 

4.8 

16.5 

10.0 

15.8 

35.0 

6 

20.5 

4*5 

16.8 

12.0 

15.0 

28.0 

7 

18.0 

4.5 

14.0 

16.0 

13.0 

27.0 

8 

16.0 

4.7 

12.0 

13.5 

11.8 

20.0 

9 

14.0 

7.5 

10.5 

15.0 

8.5 

18.0 

10 

13.0 

5.5 

9.5 

17.4 

9.0 

19.0 

11 

16.5 

6.8 

9.0 

11.0 

6.0 

18.0 

12 

15.0 

5.0 

6.6 

13.5 

4*6 

15.0 

d 


•  ••34 


TABLE  II  B 


VOLUME  (IN  MLS.)  OF  LIMPH  DRAINAGE  FROM  THE  THORACIC  DUCT  IN 


6  COMMON  BILE  DUCT  CANNULATED  DOGS 


TIME 

GROUP  II 

IN 

DOG  NO. 

HOURS 

7 

8 

9 

10 

11 

12 

V6 

3.5 

2.8 

1.4 

4.0 

1.2 

3.4 

V3 

3.5 

3.5 

1.3 

5.1 

0.2 

3.6 

3/2 

2.6 

4.1 

1.4 

5.0 

0.7 

3.5 

1 

9oQ 

10.5 

3.6 

11.2 

3.9 

10.0 

1.5 

6.0 

7.0 

3.7 

8.3 

5.1 

10.9 

2 

5.5 

7.5 

4.8 

9.5 

5.6 

9.4 

2.5 

6.5 

6.5 

5.3 

10.7 

2.3 

11.7 

3 

5.0 

6.5 

5.1 

8.4 

4  *5 

10.6 

3.5 

5.1 

8.5 

6.6 

9.4 

2.2 

11.1 

4 

6.0 

7.5 

5.1 

10.0 

4.3 

10.9 

5 

9.0 

15.0 

19.0 

24.0 

10.0 

19.0 

6 

6.0 

12.5 

19.0 

25.0 

n.o 

18.0 

7 

6.5 

12.0 

16.0 

17.0 

12.0 

18.5 

8 

8.0 

12.0 

22.0 

14.0 

12.0 

16.5 

9 

6.0 

10.0 

16.0 

15.0 

15.0 

14.0 

10 

4.5 

11.0 

20.0 

13.0 

13.0 

14.0 

11 

3.5 

8.0 

14.0 

13.0 

10.0 

13.0 

12 

6.5 

9.5 

12.5 

13.0 

9.0 

31.0 

* 
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TABLE  II  C 


MEAN  VOLUME  (IN  MLS.)  OF  I3CMPH  DRAINAGE  FROM  THE  THORACIC  DUCT 

IN  6  CONTROL  DOGS, 

AND  IN  6  COMMON  BILE  DUCT 

CANNULATED  DOGS 

TIKE 

IN 

CONTROL  DOGS 

GROUP  I 

COMMON  DUCT  DOGS 

GROUP  II 

HOURS 

MEAN 

RANGE 

MEAN 

RANGE 

V6 

2.4 

1.8  -  3.4 

2.7 

1.2  ~  4.0 

V3 

2.0 

1.0  -  3.0 

2.9 

0.2  -  5.1 

1/2 

1.9 

1.0  ~  2.7 

2.9 

0.7  ~  5.0 

1 

5.9 

3.0  -  9.0 

8.0 

3.6  -  11.2 

1*5 

7.3 

2.3  -  13.9 

6.8 

3.7  -  10.9 

2 

7.8 

3.2  ~  12.6 

7.0 

5.5  -  9.5 

2.5 

8.6 

5.0  ~  13.5 

7.2 

2.3  -  11.7 

3 

7.7 

4.0  -  12.9 

6.7 

4.5  -  10.6 

3.5 

6.8 

3.0  -  11.2 

7.1 

2.2  -  11.1 

4 

7.3 

2.7  -  12.1 

7.3 

4.3  -  10.9 

5 

16.8 

4.8  -  35.0 

16.0 

9.0  -  24.0 

6 

16.1 

4.5  -  28.0 

15.2 

6.0  -  25.0 

7 

15.4 

4.5  -  27.0 

13.7 

6.5  -  18.5 

8 

13.0 

4.7  -  20.C 

14.1 

8.0  -  22.0 

9 

12.2 

7.5  -  18.0 

12.6 

6.0  -  16.0 

10 

12.2 

5.5  -  19.0 

12.6 

4.5  -  20.0 

11 

11.2 

6.0  -  18.0 

10.1 

3.5  -  14.0 

12 

9.9 

4.6  -  15.0 

10.2 

6.5  -  12.5 
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TABLE  II  D 


TOTAL  AMD  MEAN  VOLUME  OF  UMPH  DRAINAGE  (IN  MLS.) 

THORACIC  DUCT  DURING  12  HOURS  IN  6  CONTROL  DOGS 

COMMON  BILE  DUCT  CANNULATED  DOGS 

I 

IBOM  THE 

,  AMD  6 

CONTROL  DOGS 

COMMON  DUCT  DOGS 

GROUP  I 

GROUP 

II 

DOG  NO. 

DOG  NO. 

1 

201.7 

7 

162.9 

2 

76.9 

8 

154.4 

3 

158.6 

9 

176.8 

4 

149.1 

10 

215.6 

5 

131.5 

11 

122.C 

6 

271.2 

12 

209.1 

MEAN 

164.  S 

MEAN 

173.4 

*S.P. 

±66 

*S.D. 

-35  j 

RANGE 

76.9  -  271.2 

RANGE 

122.0  -  215.6 

PROBABILITY 

>  0.45  (Insignificant) 

*STANDABD  DEVIATION 
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The  concentration  of  radioactivity  of  each  ml.  aliquot  sample  of 
plasma  collected  at  intervals  during  12  hours  was  calculated  as  a  percent¬ 
age  of  tiie  injected  dose  per  litre.  Table  III  A  presents  these  results 
in  the  control  dogs  of  Group  I  •  In  most  dogs,  radioactivity  is  insignifi¬ 
cant  until  one  hour  following  radioiodine  injection. 

The  concentration  of  radioactivity  of  each  ml.  aliquot  sample  of 
lymph  collected  at  intervals  during  12  hours  was  calculated  as  a 
percentage  of  the  injected  dose  per  litre.  Table  III  B  presents  these 
results  in  the  control  dogs  of  Group  I.  These  results  are  similar  to 
those  in  Table  III  A. 

Table  III  G  presents  the  concentrations  of  radioactivity  in  the 
common  bile  duct  cannulated  dogs  of  Group  II.  Values  obtained  in  these 
animals  are  considerably  lower  than  those  in  Group  I  animals  reported  in 
Table  III  A. 

Table  III  D  presents  the  concentrations  of  radioactivity  in 
lymph  in  Group  II  animals.  These  results  parallel  the  plasma  concentra¬ 
tions  in  Table  III  C.  The  values  are  also  considerably  lower  than  those 
apparent  in  Group  I  animals  in  Table  III  B. 

Mean  concentrations  and  ranges  of  radioactivity  in  plasma  in 
dogs  of  Groups  I  and  II  are  compared  in  Table  III  E.  The  mean  values  In 
Group  I  are  considerably  higher  than  those  of  Group  II  •  Mean  rs.dioactIvity 
in  Group  I  animals  tends  to  decrease  Ty  the  end  of  the  12  hour  period, 
while  that  of  Group  II  animals  appears  to  be  increasing,  or  reaching  a 
plateau  level. 
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Table  III  F  presents  the  mean  concentrations  and  ranges  of 
radioactivity  in  lymph  in  animals  of  Groups  I  and  II,  Mean  values  in 
Group  I  animals  are  considerably  higher  than  the  mean  values  obtained 
in  Group  II.  ha<Hoactivity  in  Group  I  animals  appears  to  be  decreasing 
ty  the  end  of  the  collection  period,  while  that  of  Group  II  dogs  is 
increasing,  or  reaching  a  plateau. 


TABLE  III  A 


CONCENTRATION  OF  RADIOACTIVITY  IN  PLASMA  IN  6  CONTROL  DOGS 

EXPRESSED  AS  A  PER  CENT  OF  THE  INJECTED  DOSE  PER  LITRE 

TliviE 

IN 

HOURS 

1 

2 

GROUP  I 

DOG  NO. 

3  4 

5 

6 

3/6 

0 

.76 

.64 

.60 

2.77 

.01 

V3 

.12 

7.19 

.60 

.05 

7.21 

.12 

3/2 

0 

8.90 

.71 

.08 

8.76 

4.91 

1 

15.24 

17.99 

16.00 

9.90 

25.60 

10.06 

1  * 

20.35 

23.68 

20.90 

13.00 

24.87 

13.96 

2 

16.40 

22.40 

22.29 

16.22 

24.85 

15.28 

2.5 

15.69 

22.28 

22.42 

19.65 

26.05 

14.50 

3 

14.70 

20.  SC 

20.90 

18.52 

26.45 

15.31 

3.5 

14.91 

21.60 

21.81 

10.33 

26.20 

15.68 

4 

13.37 

19.19 

20.01 

10.83 

28.65 

15.26 

5 

13.  a 

19.19 

24.22 

18.01 

25.40 

15.10 

6 

14*37 

22.26 

22.01 

17.17 

24.14 

15.21 

7 

14*50 

18.83 

20.36 

15.37 

22.02 

15.43 

8 

13.52 

19.77 

20.75 

15.00 

20.92 

15.27 

9 

13*64 

19.43 

16.99 

13.50 

20.74 

14.75 

10 

14.92 

23.06 

16.62 

13.17 

21.18 

14.70 

11 

13.01 

18.13 

15.75 

13.31 

21.56 

14*65 

12 

13.29 

18.15 

15.90 

13.11 

19.27 

13.59 

o 


TABLE  III  B 
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CONCENTRATION  OF  RADIOACTIVITY  IN  LYMPH  IN  6  CONTROL  DOGS 

EXPRESSED  AS  A  PER  CENT  OF  THE  INJECTED  DOSE  PER  LITRE 

TIME 

IN 

HOBBS 

1 

2 

GROUP  I 

DOG  NO. 

3  4 

5 

6 

V6 

|  .23 

.86 

.42 

0 

.27 

0 

V3 

.23 

.66 

.40 

.41 

.66 

.04 

1/2 

0 

1.58 

.63 

.47 

7.34 

.05 

1 

.77 

19.96 

H.37 

11.35 

12.01 

2.29 

1.5 

11.26 

21.50 

12.16 

12.07 

27.47 

11.25 

2 

17.55 

25.97 

15.19 

15.03 

26.10 

13.87 

2.5 

17.26 

29.89 

15.43 

18.08 

29. SL 

15.31 

3 

16.13 

28.79 

19.34 

19.  SL 

29.04 

15.70 

3.5 

14.74 

26.87 

18.76 

22.16 

30.88 

15.88 

4 

14.64 

24.28 

18.61 

21.38 

28.68 

16.10 

5 

13.79 

24.H 

20,40 

22.05 

28.28 

15.40 

6 

14.68 

25.54 

25.08 

21.06 

28.41 

16.20 

7 

14.61 

24.42 

20.80 

19.84 

26.14 

16.08 

8 

13.60 

24.42 

19.48 

16.69 

to 

C'-\ 

• 

0^ 

Oi 

16.17 

9 

13.70 

24.66 

19.01 

16.38 

21,47 

16.14 

10 

15.24 

24.22 

17.97 

16.07 

21,20 

16.23 

11 

16.15 

21.62 

16.81 

15.28 

21,47 

15.29 

12 

15.90 

20.16 

15.32 

14.96 

20,71 

14.44 

\  o  ;0:.' 
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TABLE  III  C 


•  ••41 


CONCENTRATION  OF  RADIOACTIVITY  IN  PLASMA  IN  6  COMMON  BILE-  DUCT 

CANNULATED  DOGS,  EXPRESSED  AS  A  PER  CENT  OF  THE  INJECTED 

DOSE  PER  LITRE 

TIME 

GROUP 

II 

IN 

DOG  NO. 

HOBBS 

7 

8 

9 

10 

11 

12 

3/6 

0 

.176 

1.766 

.016 

.009 

.028 

3/3 

.465 

.151 

0 

.101 

•514 

.720  | 

V2 

.980 

.453 

1.947 

.391 

.156 

I.C63 

1 

1.837 

.535 

3.124 

.430 

.606 

1.007 

1.5 

1.915 

.824 

1.947 

.516 

•  533 

1.042 

2 

2.133 

.736 

2.531 

.766 

.551 

1.182 

2.5 

2.245 

.730 

3.441 

1.C5S 

.744 

1.199 

3 

2.  SCO 

.956 

2.988 

1.082 

.997 

1.231 

3.5 

3.332 

1.510 

4.075 

1.277 

1.011 

1.329 

4 

2.433 

1.485 

4-528 

1.949 

1.102 

1.346  ; 

5 

3.774 

1.460 

6.701 

2.070 

6.394 

1.371 

6 

4.317 

2.089 

4.346 

2.144 

6.587 

1.364 

;  ? 

4.345 

1.592 

4.618 

2.316 

5.889 

2.105 

8 

9.525 

1.331 

6.067 

2.433 

7.708 

1.913 

9 

8.730 

1.951 

6.610 

2.355 

7.111 

1.937 

10 

9.637 

2.347 

6.791 

2.043 

6.606 

2.133 

11 

9.699 

2.177 

6.972 

1.965 

5.999 

2.168 

12 

10.516 

2.177 

5.386 

1.969 

4.520 

2.448 

J. 
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01 


TABLE  III  D 
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CONCENTRATION  OF  RADIOACTIVITY  IN  LYMPH  IN  6  COMMON  BILE  DUCT 

CANNULATED  DOGS,  EXPRESSED  AS  A  PER  CENT  OF  THE  INJECTED 

DOSE  PER  LITRE 

TIME 

IN 

HOURS 

7 

8 

GROUP  II 

DOG  NO. 

9  10 

11 

12 

V  6 

.106 

0 

0 

0 

.129 

.024 

V3 

o420 

.025 

0 

0 

.230 

.091 

2/2 

.308 

0 

2.083 

.422 

0560 

.385 

1 

1.047 

.321 

1.811 

.422 

.367 

.469 

1.5 

1.747 

.774 

0 

.437 

.735 

.801 

2 

2.033 

.604 

1.811 

.867 

.854 

.937 

2.5 

2.469 

.717 

.131 

.731 

.666 

l.COQ 

3 

2.845 

.831 

1.720 

.922 

.942 

1.056 

3.5 

2.822 

1.007 

2.264 

.851 

1.070 

1.112 

4 

3.  SSL 

1.365 

2.988 

1.000 

.942 

1.108 

5 

4.345 

1.825 

4.799 

1.269 

5.085 

1.112 

!  6 

4.463 

1.844 

6.519 

1.281 

6.261 

1.161 

7 

4.917 

2.315 

8.331 

1.301 

7.901 

1.469 

8 

4.973 

2.548 

6.519 

1.262 

7.258 

1.537 

9 

8.724 

2.347 

7.425 

1.301 

8.177 

1.633 

10 

9.620 

2.473 

5.705 

1.254 

6.156 

1.612 

11 

10.124 

2.460 

6.519 

1.246 

6.201 

1.797 

12 

10.242 

2.272 

4.709 

1.172 

1.864 

1.864 

J.r 
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MEAN  CONCENTRATION  OF  RADIOACTIVITY  ] 

AND  6  COMMON  BILE  DUCT  CANNULATED  DOC 

OF  THE  INJECTED  DOSE 

CN  PLASMA  IN  6  CONTROL  DOGS 

3S,  EXPRESSED  AS  A  PER  CENT 

PER  LITRE 

TIME 

CONTROL  DOGS 

COMMON  DUCT  DOGS 

IN 

GROUP  I 

GROUP  II 

HOURS 

WEAN 

RANGE 

MEAN 

RANGE 

]/6 

.80 

0 

2.77 

.332 

0 

1.766 

V3 

2.68 

.12  - 

7.21 

.325 

0 

.720 

0/2 

4.0  3 

0 

8.90 

.332 

1 

tR 

H 

• 

1.947 

1 

15. SO 

9.90  - 

25.60 

1.265 

•430  - 

3.124 

1.5 

19.60 

13.30  - 

24.37 

1.129 

•516  - 

1.947 

2 

19.57 

15.28  - 

24.35 

1.325 

.551  - 

2.331 

2.5 

20.11 

34-53  - 

26.05 

1.578 

.744  ~ 

3.441 

3 

19.46 

14.70  - 

26.45 

1.676 

.956  - 

2.938 

3.5 

19.75 

14.91  - 

26.20 

2.097 

1.011  - 

4.075 

4 

19.22 

13.37  - 

28.65 

2.308 

1.102  « 

4.528 

5 

19.30 

13. SI  - 

25.40 

3.628 

1.371  - 

6.701 

6 

19.19 

14.37  - 

24.14 

3.474 

1.364  - 

6.537 

7 

17.75 

14.50  - 

22.02 

3.477 

1.592  - 

5.339 

8 

17.54 

13.52  - 

20.92 

4.913 

1.831  - 

9.525 

9 

16.52 

13.53  - 

20.74 

4.732 

1.937  - 

3.730 

10 

17.27 

13.17  - 

23.06  ; 

4.926 

2.043  - 

9.637 

11 

16.20 

13.31  - 

21.56 

4.330 

1.965  - 

9.699 

12 

15.55 

13.11  - 

19.27 

4.536 

1.969  - 

10.516 
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MEAN  CONCENTRATION  OF  RADIOACTIVITY  IN  LYMPH  IN  6  CONTROL  DOGS 

AND  6  COMMON  BILE  DUCT  CANNULATSD  DOGS,  EXPRESSED  AS  A  PER  CENT 

OF  THE  INJECTED  DOSE  PER  LITRE 

TIME 

IN 

CONTROL  DOGS 

GROUP  I 

COMMON  DUCT  DOGS 

GROUP  II 

HOURS 

MEAN 

RANGE 

MEAN 

RANGE 

2/6 

.30 

0  -  .36 

•043 

0 

.129 

V3 

.30 

.04  “*  .66 

.127 

0 

.420 

1/2 

1.6S 

0  -  7.34 

•626 

0 

2.033 

1 

9.62 

.77  -  2.9.96 

.739 

.321  - 

1.311 

1.5 

' 15.95 

11.25  -  27.47 

.749 

0 

1.747 

2 

13.95 

13.37  -  26.10 

1.134 

.604  - 

2.033 

2.5 

20.96 

15.31  -  29.39 

.969 

.666  - 

2.469 

3 

21.47 

15.70  -  29.04 

1.336 

.331  - 

2.345 

3.5 

21.55 

14.74  -  30.33 

1.521 

.351  - 

2.322 

4 

20.61 

14.64  -  28.63 

1.331 

.942  - 

3.331  ; 

5 

20.63 

13.79  -  28.23 

3.072 

1.112  - 

5.085 

6 

21.33 

14.63  -  23.41 

3.533 

1.161  - 

6.519 

7 

20.31 

14.61  -  26.14 

4.372 

1.301  - 

8.331 

3 

18.96 

13.60  -  24.42 

4.02/, 

1.262  - 

7.258 

9 

18.56 

13.70  -  24.66 

4.934 

1.301  - 

8.724 

10 

18.49 

15.24  -  24.22 

4.470 

1.254  - 

9.620 

11 

17.77 

15.23  -  21.62 

4.724 

1.246  ~ 

10.124 

12 

16.91 

14.44  -  20.71 

4.264 

1.172  - 

10.242 

T  • 
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Table  III  G  presents  a  synthesis  of  the  results  obtained  in  the 
previous  tables  of  concentrations  of  radioactivity  in  plasma  and  lymph  in 
animals  of  Groups  I  and  II.  Figure  III  portrays  these  results  graphically. 
The  concentrations  of  radioactivity  in  plasma  and  lymph  are  veiy  similar 
in  each  group  during  the  collection  period,  with  a  marked  divergence 
between  the  two  groups.  A  lower  concentration  of  radioactivity  in  both 
plasma  and  lymph  is  present  in  the  common  bile  duct  canniilated  dogs  of 
Group  II  than  in  the  control  animals  of  Group  I  • 

The  highest  concentrations  of  radioactivity  in  both  lymph  and 
plasma  in  animals  in  Group  I  occur  in  the  2  to  6  hour  range,  while  the 
highest  values  in  the  animals  in  Group  II  appear  during  the  8  to  12  hour 
period. 


■  '  •  I  ■  ;  hio  "  r  I  '  '  ' 


r;  f  r ‘  ’  ‘  i'  •  *1 

' 

«  '  '  '■  ’• 

:  /  ;  v  t /.  .  •.  ,  o  xoj  i  lo  o.-  ?o:  00  9-::? 

•  !  '  UfcO  '  01  ■ 

;  •  "  m".  • :  '  •'  '  5  :  • 

V.o  '  ;•  o  d  .  ;■>  r  ?  r;o  •  ?  ‘  si  d-  h;A.:.  :  ta-Ic; 

„ r  •;  :  -  :  .  I 

;  -  .  V:  v  f  i.  *  ■  ol:)  rz  s  O'  o  :T 

,  ■  ■  - ■  •  ,  ■  i  ©  £  c  ’■  S  ©  J  elI  -  r  >  I  '  ■  a '  a E  i  £ 

i  J  ■  *  fix'  souls  v  ;  wlsM 

. 


AVERAGE  CONCENTRATION  OP  I  131  IN  PLASMA  AND  LYMPH 


TABLE  III  G 


%  0  F  DOSE  PER  ML. 


47 


FIGURE  III 


AVERAGE  CONCENTRATION  OF 


I13'  IN  PLASMA  AND  LYMPH 


.*.4S 


Radioactivity  of  the  hourly  output  of  lymph  in  each  animal  in 
Group  I  is  presented  in  Table  IV  A*  ty  the  second  hour  of  collection  in 
each  animal,  a  high  level  of  radioactivity  appears. 

Table  IV  B  presents  the  radioactivity  of  the  hourly  output  of 
lymph  in  each  animal  in  Group  II.  The  values  obtained  in  these  animals 
are  considerably  lower  than  those  in  Group  I  animals  presented  in  Table 
IV  A. 


Mean  radioactivity  and  ranges  of  the  hourly  lymph  excretions  in 
animals  in  Groups  I  and  II  are  presented  in  Table  IV  G.  Mean  values  in 
Group  I  animals  are  considerably  higher  than  the  mean  values  obtained  in 
Group  II. 

Figure  IV  portrays  graphically  the  results  presented  in  Table 
IV  C.  The  difference  in  radioactivity  of  the  hourly  lymph  excretion 
between  the  two  groups  appears  in  all  periods  during  the  collection. 

The  greatest  radioactivity  occurs  in  the  3  to  7  hour  period  in 
animals  in  Group  I,  and  during  the  7  to  9  hour  period  in  the  animals  in 
Group  II. 
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TABLE  IV  A 


RADIOACTIVITY  OF  THE  HOURLY  LYMPH  OUTPUT  IN  6  CONTROL  DOGS, 

EXPRESSED  AS  A  PER  CENT  OF  THE  INJECTED  DOSE  PER  LITRE 

TIME 

IN 

HOURS 

1 

2 

GROUP  I 

DOG  NO. 

3  4 

5 

6 

1 

7.3 

50.7 

105.6 

62.0 

44.5 

13.3 

2 

288.3 

179.3 

234.6 

102.9 

316.7 

331.1 

3 

308.6 

264.6 

320.2 

191.2 

426.6 

409.2 

4 

271.7 

146.2 

220.5 

242.9 

429.5 

372.7 

5 

262.1 

115.9 

336.6 

220.6 

446.3 

539.2 

6 

300.9 

110.4 

421.4 

252.  S 

426.2 

453.5  ! 

7 

263.0 

109.9 

291.2 

317.4 

339.3 

434.1 

8 

217.6 

114.3 

233.3 

225.4 

275.9 

323.4 

9 

191.  S 

185.0 

199.6 

2/, 5.  7 

132.5 

290.5 

10 

198.1 

133.2 

170.7 

279.5 

190.3 

308.4 

11 

266.5 

147.0 

151.3 

168.1 

128.3 

275.3 

12 

233.6 

100.3 

101.1 

202.0 

95.2 

216.6 

» 
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RADIOACTIVITY 

OF  THE  HOURLY  LYMPH  OUTPUT  IN 

6  DOGS  WITH 

C ANNUL ATED  COMMON  BILE  DUCTS,  EXPRESSED  AS  A  PER  CENT  OF 

THE  INJECTED  DOSE  PER  LITRE 

TIME 

IN 

GROUP  II 

DOG  NO. 

HOURS 

7 

3 

9 

10 

11 

12 

1 

11.3 

3.4 

.9 

6.3 

2.4 

6.4 

2 

21.7 

9.9 

.9 

11.9 

8.5 

17.5 

3 

30.3 

10.1 

.9 

16.1 

5.3 

22.9 

4 

37.7 

13.3 

3.0 

13.0 

6.4 

24*4 

5 

39.1 

27.4 

9.1 

30.5 

50.3 

21.1 

6 

26.7 

23.0 

12.4 

32.0 

68.9 

20.9 

7 

31.9 

27.3 

13.3 

22.1 

94.3 

27.2 

S 

39.3 

30.6 

14.3 

17.7 

87.0 

26.2 

9 

52.3 

23.5 

11.9 

19.5 

122.6 

22.9 

10 

43.2 

27.2 

11.4 

16.3 

78.3 

2  2.6 

11 

35.4 

19.7 

9.1 

16.2 

62.0 

23.3 

12 

66.5 

21.6 

5.9 

15.2 

47.9 

20.5 

r5 


P 


u; 


0 


’ 
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MEAN  RADIO  ACTIVITY  OF  THE  HOURLY  LYMPH  OUTPUT  IN  6  CONTROL  DOGS, 

AND  IN  6  DOGS  WITH  CANNULATED  COMMON  MILE  DUCTS,  EXPRESSED  AS  A 

PER  CENT  OF  THE  INJECTED  DOSE  PER  LITRE 

TIME 

CONTROL 

DOGS 

COMMON  DUCT  DOGS 

IN 

GROUP 

I 

GROUP 

II 

HOURS 

MEAN 

RANGE 

MEAN 

RANGE 

1 

47.3 

7.3  -  105.6 

5.3 

.9  - 

rus 

2 

242.2 

102.9  -  331.1 

11.7 

.9  - 

21.7 

3 

320.1 

191.2  -  426.6 

14.3 

.9  - 

30.3 

4 

277.2 

146.2  -  429.5 

18.0 

3.0  - 

37.7 

5 

320.2 

U5.9  -  539.2 

29.7 

9.1  - 

50.3 

6 

327.5 

110.4  -  453.5 

30.6 

12.4  - 

68.9 

7 

292.6 

109.9  -  434.1 

36.2 

13.3  - 

94.3 

8 

231.8 

114.8  -  323.4 

35.9 

14.3  - 

37.0 

9 

215.3 

135.0  -  290.5 

42.1 

11.9  -  122.6 

10 

213.4 

133.2  -  303.4 

33*2 

11.4  - 

73.3 

11  I 

189.5 

147.0  -  275.3 

25.9 

9.1  - 

62.0 

12 

159.0 

100.3  -  216.6 

29.6 

5.9  - 

66.5 

ir 


t 


r  i 
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RADIOACTIVITY  OF  HOURLY  LYMPH  OUTPUT  DURING  12  HOURS 
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FIGURE  IV 


3  SO  a  3  0  % 
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Table  V  presents  the  total  radioactivity  of  lymph  drainage  during 
the  12  hour  period  in  each  control  animal  in  Group  I  and  in  each  common 
bile  duct  cannula  ted  dog  in  Group  II  •  Means,  ranges,  and  standard  devia¬ 
tions  of  these  values  are  also  presented.  Radioactivity  in  Group  I  dogs 
is  uniformly  higher  than  in  Group  II  animals. 

Table  VI  presents  a  synthesis  of  the  mean  results  of  total  lymph 
volume  and  total  radioactivity  of  the  lymph  volume  from  the  animals  in 
Groups  I  and  II.  While  the  volumes  of  lymph  produced  in  each  group  of 
dogs  are  nearly  identical,  the  mean  radioactivity  of  the  lymph  from  con¬ 
trol  animals  in  Group  I  is  nearly  10  times  as  great  as  the  mean  radio¬ 
activity  of  the  lymph  from  the  common  bile  duct  cannula  ted  dogs  in  Group 
II*  There  is  no  overlapping  of  the  ranges® 
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TABLE  V 


TOTAL  AND  KEAN  RADIOACTIVITY  OF  THE  LYMPH  DRAINAGE  DURING  12  HOURS 

IN  6  CONTROL  DOGS,  AND  6  DOGS  WITH  CANNULATED  COMMON  BILE  DUCTS, 

EXPRESSED  AS  A  PER  CENT  OF  THE  INJECTED  DOSE 

CONTROL  DOGS 

COMMON  DUCT  DOGS 

GROUP  I 

GROUP  II 

DOG  NO* 

DOG  NO. 

1 

2.31 

7  0.44 

2 

1.66 

8  0.24 

3 

2.79 

9  0.09 

4 

2.51 

10  0.22  ' 

5 

3.30 

XL  0.64 

6 

3.97 

12  0.25 

MEAN 

2.S4 

MEAN  0.31 

*S.D. 

-0.77 

*S.D.  -0.19 

RANGE 

1.66  -3.97 

RANGE  0.09  -  0.64 

PROBABILIH  <  0.005  (Highly  Significant) 

* STANDARD  DEVIATION 

j" 
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■ 
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TOTAL  VOLUME  AND  RADIOACTIVITY  OP  LYMPH  DURING  12  HOURS 


TABLE  VI 
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Table  VII  presents  the  concentrations  of  radioactivity  in  plasma 
in  the  control  dogs  comprising  Groups  III  and  IV •  In  these  animals  the 
highest  concentrations  appear  in  the  1  or  4  hour  samples,  with  a  decrease 
in  the  12  hour  samples.  Individual  values  of  each  interval  among  the 
various  dogs  of  both  groups  are  comparable. 

Table  VIII  presents  the  mean  concentrations  of  radioactivity  in 
the  plasma  in  all  4  groups  of  dogs,  at  1,  4  and  12  hours.  The  values  in 
Group  II  animals  are  considerably  lower  than  those  in  the  remaining 
groups. 

Figure  V  portrays  graphically  the  results  presented  in  Table 
VIII.  Results  of  mean  plasma  samples  at  only  1,  4  and  12  hours  are  used 
to  make  the  comparison  more  valid.  Line  A  represents  the  mean  values 
from  the  six  control  dogs  in  Group  I.  Line  B  represents  values  from  the 
three  physiological  control  dogs  in  Group  IV.  Line  C  represents  values 
from  the  three  dogs  in  Group  III  In  whom  minimal  procedures  were  done. 
Line  D  represents  values  from  the  six  common  bile  duct  cannulated  dogs  in 
Group  II. 

Concentrations  of  radioactivity  are  similar  among  the  animals  in 
Groups  I,  III  and  IV,  with  a  tendency  to  decreasing  values  in  the  final 
samples.  Radioactivity  of  plasma  samples  in  Group  II  animals,  however, 
is  considerably  lower  with  an  increase  occurring  during  the  4  to  12  hour 
period. 
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TABLE  VII 


.♦•57 


CONCENTRATION  OF  RADIOACTIVITY  IN  PLASM  IN  2  FURTHER  GROUPS  OF 

CONTROL  DOGS,  EXPRESSED  AS  A  PER  CENT  OF  THE  INJECTED  DOSE 

PER  LITRE 

TIME 

GROUP  III 

GROUP  IV 

IN 

DOG  NO. 

DOG.  NO. 

HOURS 

13 

14 

15 

16 

17 

18 

1 

25.18 

15.45 

7.19 

16.90 

13.06 

11.07 

4 

16.49 

14.07 

14.24 

19.04 

15.10 

12.56 

12 

15.15 

12.42 

11.32 

17.69 

14*33 

12.41 

TABLE  VIII 


MEAN  CONCENTRATION  OF  RADIOACTIVITY  IN  PLASMA  IN  ALL  4  GROUPS  OF 

DOGS,  AT  1,  4*  AND  12  HOURS,  EXPRESSED  AS  A  PER  GENT  OF  THE 

INJECTED  DOSE  PER  LITRE 

i  time 

GROUP  I 

GROUP  II 

GROUP  III 

GROUP  IV 

IN 

HOURS 

(6  DOGS) 

(6  DOGS) 

(3  DOGS) 

(3  DOGS) 

1 

15.80 

1.265 

15.94 

13.68 

4 

19.22 

2.308 

14.93 

15.57 

12 

15.55 

4.586 

12.96 

14.81 

•  * 

r 

, 

. 

. 

- 

• 

■  -  •. 

i  ty  3 
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AVERAGE  CONCENTRATION  OF  I131  IN  PLASMA 


FIGURE 
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Table  IX  A  presents  the  individual  and  mean  volumes  of  bile 
drainage  collected  from  3  animals  with  cannulated  common  bile  ducts  in 
Group  II.  Bile  drainage  is  most  profuse  during  the  initial  period, 
with  a  tendency  to  decreasing  volume  during  the  last  4  hours  of  the 
collection  period.  Somewhat  higher  values  are  present  in  dog  No.  11 
than  in  the  other  2  animals. 

Table  IX  B  presents  the  total  and  mean  volumes  of  bile  drain¬ 
age  from  the  3  animals  in  Group  II  in  whom  bile  was  collected.  The  total 
volume  of  bile  collected  in  dog  No.  11  is  greater  then  that  obtained  from 
the  remaining  2  animals. 
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TABLE  IX  A 


VOLUME  (IN  MLS*)  OF  BILE  DRAINAGE  IN  3  DOGS  WITH  CANNULATED 

COMMON  BILE  DUCTS 


TIME 

IN 

HOURS 

10 

GROUP  II 

DOG  NO. 

11 

12 

MEAN 

VOLUME 

V2 

3.1 

8.3 

3.5 

5.0 

1 

2.1 

5.5 

2.3 

3.5 

1.5 

1.3 

5.0 

1.6 

2.6 

2 

1.4 

3.3 

4.7 

3.3 

2*5 

1.6 

2.6 

9.3 

4.5 

3 

0o7 

2.4 

3.7 

2.3 

3.5 

0.9 

5.5 

3.7 

3.4 

4 

1.5 

6.0 

5.3 

4.3 

5 

4.0 

13.5 

5.4 

7.6 

6 

3.4 

18.0 

2.7 

8.0 

7 

2.0 

12.5 

1.6 

5.4 

8 

2.2 

8.0 

1.3 

3.8 

9 

2.2 

5.5 

1.0 

2.9 

10 

1.3 

4.5 

1.0 

2.4 

n 

2.0 

3.6 

0.3 

2.1 

12 

2.0 

4.5 

1.0 

2.5 

• « .61 


TABLE  IX  B 


TOTAL  AND  MEAN  VOLUME  OF  BILE  DRAINAGE  (IN  MLS.)  DURING  12 

HOURS  IN  3  DOGS  WITH  CAHNULATED  COMMON  BILE  DUCTS 

GROUP  II 

DOG  NO. 

10  11  12 

MEAN 

32.2  109.2  49.4 

63.6 

:::: 

. 


. 


■:  ■ 


, 

. 

...62 


Table  X  A  presents  the  concentrations  of  radioactivity  in  the 
one  ml.  samples  of  plasma,  lymph  and  bile  collected  at  intervals  during 
12  hours  in  3  dogs  in  Group  II  in  -whom  bile  was  collected.  The  concen¬ 
trations  of  radioactivity  of  bile  in  each  of  these  animals  increases 
gradually  until  the  4  hour  period,  when  it  appears  to  reach  a  plateau. 
Values  of  the  concentration  of  radioactivity  of  bile  at  each  interval 
are  comparable  among  the  3  animals,  despite  the  variation  in  volume  of 
bile  collected  that  was  noted  in  the  two  preceding  tables.  Values  of 
the  concentrations  of  radioactivity  of  lymph  and  plasma  among  the  three 
animals  are  similar,  with  slightly  higher  results  from  dog  No.  11  than 
the  other  two  animals. 

Table  X  B  presents  the  mean  concentrations  and  ranges  of  the 
values  noted  in  Table  X  A.  Mean  concentrations  of  radioactivity  of 
plasma  and  lymph  are  similar  in  these  animals,  while  the  mean  values  of 
radioactivity  of  bile  are  considerably  higher. 

Figure  VI  portrays  graphically  the  results  presented  in  Table 
X  B.  Concentration  of  radioactivity  in  lymph  and  plasma  is  nearly 
identical,  with  the  highest  values  during  the  8  to  10  hour  period.  Con¬ 
centration  of  radioactivity  of  the  bile  increases  sharply  after  2  hours, 
with  the  peak  values  during  the  7  to  11  hour  period,  and  a  tendency  to 
deeree.se  at  the  12  hour  level. 

Table  XI  presents  a  comparison  of  the  mean  concentrations  of 
radioactivity  of  plasma  and  lymph  in  the  control  dogs  in  Group  I,  and, 
of  the  mean  concentrations  of  radioactivity  in  the  bile  in  the  3  dogs 
in  Group  II  in  whom  bile  was  collected.  The  values  for  plasma  and  lymph 
are  higher  at  comparable  intervals  than  are  those  for  bile. 
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TABLE  X  A 
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CONCENTRATION  OF  RADIOACTIVITY  IN  PLASMA,  LYMPH,  AND  BILE 
IN  3  DOGS  ¥ITH  CANNULATSD  COMMON  BILE  DUCTS,  EXPRESSED  AS 
A  PER  CENT  OF  THE  INJECTED  DOSE  PER  LITRE 


GROUP  II 


TIME 

IN 

HOURS 

10 

PLASMA 

DOG  NO. 

11 

12 

10 

LYMPH 

DOG  NO. 

11 

12 

10 

BILE 

DOG  NO 

11 

• 

12 

V 6 

.016 

.009 

.028 

0 

.129 

.024 

— 

— 

— 

V3 

.101 

•514 

.720 

0 

.230 

.091 

“ 

-• 

- 

3/2 

.391 

.156 

1.063 

.422 

.560 

.335 

.125 

.276 

.741 

1 

.430 

.606 

1.007 

.422 

.367 

.469 

.930, 

.487 

2.049 

1.5 

.516 

.533 

1.042 

.437 

.735 

.301 

1.453 

.671 

2.049 

2 

.766 

.551 

1.182 

.367 

.354 

.937 

1.336 

.735 

2.084 

2.5 

1.053 

.744 

1.199 

.7a 

.666 

1.000 

5.429 

3.032 

4.651 

3 

1.082 

.997 

1.231 

.922 

.942 

1.056 

5.323 

7.120 

5.490 

3.5 

1.277 

1.011 

1.329 

.351 

1.070 

1.112 

9.556 

H.052 

5.612 

4 

1.949 

1.102 

1.346 

1.000 

.942 

1.108 

9.957 

10.763 

5«563 

5 

2.070 

6.394 

1.371 

1.269 

5.035 

1.112 

13.417 

11.650 

7.116 

6 

2.144 

6.537 

1.364 

1.2a 

6.261 

1.161 

12.691 

13.000 

8.329 

7 

2.316 

5.389 

2.105 

1.301 

7.901 

1.469 

12.339 

24.746 

9.373 

3 

2.433 

7.708 

1.913 

1.262 

7.253 

1.587 

11.207 

12.578 

12.029 

9 

2.355 

7.111 

1.937 

1.301 

3.177 

1.633 

10.328 

14.002 

H.S82 

10 

2.043 

6.606 

2.133 

1.254 

6.156 

1.612 

11.023 

12.48L 

12.253 

n 

1.965 

5.999 

2.163 

1.246 

6.201 

1.797 

10.687 

11.700 

14.382 

12 

1.969 

4.520 

2.443 

1.172 

5.329 

1.364 

10.664 

9.661 

34.393 

i 
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MEM  CONCENTRATION  OF  RADIOACTIVITY  IN  PLASMA,  LYMPH,  AND  BILE, 

IN  3  DOGS  WITH  CANNULATED  COMMON  BILE  DUCTS,  EXPRESSED  AS  A 

PER  CENT  OF  THE  INJECTED  DOSE  PER  LITRE 

GROUP 

II 

PLASMA 

LYMPH 

BILE 

TIME 

IN 

HOURS 

MEM 

RMGE 

MEM 

RANGE 

MEM 

RMGE 

1/6 

.02 

.01  -  .03 

.05 

0 

- 

.13 

- 

— - 

3/3 

•44 

.10  -  .72 

.11 

0 

- 

.23 

— 

1/2 

.54 

.16  -  1.06 

.46 

.38 

- 

.56 

.38 

.12  -  .74 

1 

.68 

.43  -  1.01 

.42 

.37 

- 

.47 

1.15 

.49  -  2.05 

1*5 

.70 

.51  -  1.04 

.66 

.44 

- 

.30 

1.39 

.67  -  2.05 

2 

.33 

.55  ~  1.18 

.39 

.85 

- 

.94 

1.38 

.73  -  2.08 

|  2.5 

1.00 

.74  -  1.20 

.82 

.67 

- 

1.00 

4.37 

3.03  -  5.43 

!  3 

1.10 

1.00  ~  1.23 

.97 

.92 

- 

1.06 

5.98 

5.33  -  7.12 

3*5 

1.21 

1.01  -  1.33 

1.01 

.85 

- 

1.11 

8.74 

5.61  -  11.05 

4 

1.47 

1.10  -  1.95 

1.02 

.94 

- 

1.11 

8.76 

5.56  -  10.76 

5 

3.28 

1.37  -  6.39 

2.49 

1.11 

- 

5.08 

10.73 

7.12  -  13.42 

6 

3.36 

1.36  -  6.59 

2.90 

1.16 

~ 

6.26 

11.51 

8.33  -  13.00 

7 

3 .44 

2.10  -  5. 89 

3.56 

1.30 

- 

8.18 

12.32 

9.88  -  14.75 

8 

4.02 

1.91  -  7.71 

3.37 

1.26 

- 

7.26 

11.94 

11.21  -  12.58 

9 

3.  SO 

1.94  -  7.UL 

3.70 

1.30 

- 

8.18 

12.24 

10.83  -  14.00 

10 

3.59 

2.04  -  6.61 

3.01 

1.25 

- 

6.16 

11.92 

11.02  -  12.48 

11 

3.38 

1.96  -  6.00 

3.08 

1.25 

- 

6.20 

12.42 

10.69  -  14.38 

12 

2.98 

1.97  ~  4.52 

2.79 

1.17 

- 

5.33 

11.57 

9.66  -  14.39 

%  OF  DOSE  PER  ML. 
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FIGURE  VI 


CONCENTRATION  OF  I'3'  IN  HOURLY  SAMPLES  OF  BILE,  LYMPH,  AND 
PLASMA  IN  3  DOGS  WITH  CANNULATED  COMMON  DUCTS. 


TABLE  XI 
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MEAN  CONCENTRATION  OF  RADIOACTIVITY  IN  PLASMA  AND  LYMPH  IN  6 

CONTROL  DOGS,  AND  MEAN  CONCENTRATION  OF  RADIOACTIVITY  IN  BILE 

IN  3  COMMON  DUCT  CANNULATED  DOGS,  EXPRESSED  AS  A  PER  CENT  OF 

THE  INJECTED  DOSE  PER  LITRE 

TIME 

IN 

HOURS 

PLASMA 

GROUP  I 

6  CONTROL  DOGS 

LYMPH 

GROUP  II 

3  COMMON  DUCT  DOGS 

BILE 

V6 

.SO 

.30 

- 

3/3 

2.63 

.SO 

- 

3/2 

4.03 

1.68  j 

to 

. 

1 

15.30 

9.62 

1.15 

1.5 

19.60 

15.95 

1.39 

2 

19.57 

13.95 

1.38 

2.5 

20.11 

20.96 

4.37 

3 

19.46 

21.47 

5.98 

3*5 

19.75 

21.55 

8.74 

4 

19.22 

20.61 

8.76 

5 

19.30 

20.63 

10.73 

6 

19.19 

21.33 

11.51 

7 

17.75 

20.31 

12.32  | 

2 

17.54 

13.96 

11.94 

9 

16.52 

13.56 

12.24 

10 

17.27 

18.49 

11.92 

11 

16.20 

17.77 

12.42 

12 

15.55 

16.91 

11.57 
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CHAPTER  IV 
DISCUSSION  OF  FINDINGS 

The  absorption  of  radioactive  iodine  (1*^*4 ,  in  peripheral  blood 
plasma  and  in  lymph  from  the  thoracic  duct  "was  determined  in  6  control 
dogs,  and  in  6  dogs  -with  cannula  ted  common  bile  ducts  for  a  period  of  12 
hours. 

No  great  difference  in  the  concentrations  of  radioactivity  in 
the  plasma  and  in  the  lymph  was  observed  in  either  group  of  dogs.  A 
marked  difference  in  the  concentrations  of  radioactivity  in  the  plasma 
and  in  the  lymph  was  apparent  between  the  two  groups,  with  significantly 
higher  values  obtained  from  the  control  dogs  in  Group  I.  The  highest 
concentrations  in  the  control  dogs  in  Group  I  occurred  in  the  early- 
period,  between  2  to  6  hours,  while  the  highest  concentrations  in  the 
bile  duct  cannula  ted  animals  occurred  later,  between  3  to  12  hours  (Tables 
III  G,  V) . 

Hourly  and  total  volumes  of  lymph  excreted  during  the  12  hour 
period  were  similar  in  the  2  groups  of  animals.  However,  radioactivity  of 
the  hourly  and  total  lymph  volumes  was  higher  in  the  animals  in  Group  I 
than  in  Group  II  dogs  (Tables  XID,  IVG,  VI). 

Comparison  of  the  concentrations  of  radioactivity  of  plasma 
among  the  control  animals  in  groups  I,  III  and  IV,  demonstrates  that  the 
effects  of  anesthesia  and  operative  trauma  did  not  markedly  influence  the 
absorption  of  radioactivity  in  these  animals  (Table  VIII) . 


A  markedly?-  higher  concentration  of  radioactivity  was  found 
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in  the  bile  than  in  the  lymph  and  plasma  in  3  dogs  in  Group  II  -with 
cannulated  common  bile  ducts,  in  -whom  bile  was  collected  for  12  hours. 

The  concentration  of  radioactivity  in  the  bile  in  these  animals,  was 
however,  lower  than  the  concentrations  of  radioactivity  in  the  lymph  and 
plasma  in  the  control  dogs  in  Groiip  I  (Tables  XA,  XI)  • 

The  role  of  the  intestinal  lymphatic  circulation  in  the  reabsorp¬ 
tion  of  radioiodine  via  the  ‘afferent  limb1  of  the  enterohepatic  circula¬ 
tion  would  appear,  from  this  study,  to  be  a  passive  one.  The  closely 
parallel  concentrations  of  radioactivity  in  the  peripheral  plasma  and 
lymph  in  animals  in  Groups  I  and  II  suggest  that  the  lymph  derived  its 
radioactivity  from  a  source  common  to  the  blood. 

39 

Ruegamer,  in  1953*  reported  a  kinetic  stuty  of  iodine  metabolism 
in  dogs  under  nembutal  anesthesia.  He  concluded  that  a  4  hour  period  may 
be  required  for  the  attainment  of  equilibrium  of  radioactivity  between 
plasma  and  other  body  fluids.  During  this  period,  outward  diffusion  into 
body  fluids  accounts  for  changes  in  1*^1  content  in  plasma  and  other 
tissues  and  fluids  which  are  functions  of  the  plasma  concentration.  Fol¬ 
lowing  this  period  (after  equilibrium  has  been  attained  between  plasma  and 
other  body  fluids),  the  clearance  of  X-^l  into  the  thyroid  gland,  urine  and 
other  tissues  proceeds  at  an  exponential  rate. 

That  radioactivity  of  lymph  is  a  function  of  the  radioactivity 
of  the  plasma  is  further  supported  by  a  recent  (1956)  report  by  Benson.^ 
¥ater  absorption  from  the  intestine  via  portal  and  lymphatic  pathways  in 
rats  was  investigated  utilizing  tracer  doses  of  DpO.  Benson  observed  that 
concentrations  of  the  isotope  in  lymph  and  in  arterial  plasma  were 
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identical  at  all  times  despite  the  changing  concentrations  of  each 
simultaneously  following  administration  of  D2O.  Furthermore,  the  con¬ 
centrations  of  isotope  in  lymph  and  in  arterial  plasma  were  the  same, 
after  a  brief  period  of  equilibration,  whether  the  isotope  was  administered 
by  stomach  or  by  vein,  either  a  peripheral  or  portal  vein.  Only  a  sma.ll 
proportion  of  the  tracer  substance  was  present  in  the  intestinal  lymph, 
and  he  concluded  that  the  lymph  derived  its  share  of  the  isotope  from  a 
common  blood  source. 

These  findings  and  the  results  of  the  present  study  indicate 
that  active  reabsorption  of  radioactivity  in  intestinal  lymph  is  unlikely* 
Nevertheless,  this  investigation  demonstrates  that  radioactive  material 
is  present  in  lymph  from  the  gastrointestinal  tract,  and  is  recirculated, 
through  the  thoracic  duct,  into  the  venous  qystem,  The  magnitude  of  this 
•passive*  recirculation,  however,  in  the  *  afferent  limb*  of  the  entero- 
hepatic  circulation  requires  further  investigation. 

The  effects  of  interference  with.  *  afferent*  and  • efferent  limbs* 

of  the  enterohepatic  circulation  of  thyroidal  materials  have  been 

investigated  previously,  and  are  discussed  in  the  introduction*  In  this 

study,  only  total  radioactivity  was  determined,  and  the  chemical  state  of 

the  measured  1*^”  was  not  investigated.  As  no  exogenous  thyroid  hormones 

were  introduced  with  the  radioiodine,  the  results  cannot  be  compared  with 

those  obtained  by  other  observers  of  the  enterohepatic  circulation  of 

radiotbyroxine  gven  -without  measuring  the  endogenous  hormones 

found  with  radioiodine,  one  may  conclude  from  this  study  that  a  notable 

131 

alteration  in  uptake  of  I  may  occur  in  the  absence  of  bile. 
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An  important  factor  affecting  the  uptake  of  I  "  is  stress. 

4 

Badrick,  in  1954>  demonstrated  that  a  stress  resulting  in  increased 

131 

adrenocorticoid  activity,  significantly  inhibited  I  uptake  by  the 

thyroid  gland,  partly  due  to  the  increased  renal  clearance  of  radioiodine . 
50 

Telkka,  in  1954,  demonstrated  the  histological  depression  of  thyroid 
gland  activity  following  ligation  of  the  common  bile  duct  in  rats.  He 
considered  that  the  stress  of  the  obstructive  jaundice  produced,  was  an 
important  factor  in  his  results. 

In  the  light  of  this  stress  factor,  an  interpretation  of  experi¬ 
mental  results  of  a  radioiodine  study  must  be  carefully  done.  In  the 
present  investigation,  nearly  identical  conditions  (except  for  common  bile 
duct  cannulation)  were  produced  in  animals  in  Groups  I  and  II,  and  it 
seems  reasonable  to  assume  that  equivalent  stress  prevailed  in  both  groups. 

Markedly  decreased  concentrations  of  radioactivity  in  plasma  and 
lymph  during  the  12  hour  collection  period,  were  observed  in  common  bile 
duct  animals  in  Group  II,  compared  to  the  control  animals  in  Group  I.  The 
curve  of  radioiodine  uptake  in  plasma  and  lymph  was  altered  in  Group  II 
animals  as  compared  to  the  Group  I  dogs,  with  peak  values  delayed  and  pro¬ 
longed  in  the  former  group  (Table  IIIG,  Figure  III)  • 

These  results  were  considered  due  to  interference  in  the  1  efferent 
limb*  of  the  enterohepatic  circulation  produced  try  diversion  of  bile  flow 
in  animals  in  Group  II. 

A  markedly  higher  concentration  of  radioactivity  was  found  in  the 
bile  than  in  the  lymph  and  plasma  of  three  dogs  in  Group  II  in  whom  bile 
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was  collected.  This  finding  suggests  an  active  secretion  of  radioactivity 

2 

in  the  bile,  confirming  the  earlier  work  on  enterohepatic  circulation 
discussed  in  the  introduction. 

The  uptake  of  radioactive  iodine  as  a  measure  of  thyroidal  func¬ 
tion  is  subject  to  many  extrathyroidal  influences.  Such  factors  as 
impaired  absorption,  abnormal  renal  clearance,  increased  uptake  by  extra¬ 
thyroid  tissue,  or  an  altered  enterohepatic  circulation  may  affect  the 
utilization  of  a  tracer  dose.  It  would  appear  reasonable  to  assume  that 
the  enterohepatic  circulation  may  play  an  important  role  in  some  clinical 
studies  of  thyroid  function  utilising  a  tracer  dose.  Any  clinical 
application  from  data  derived  from  animal  experimentation,  however,  must 
be  undertaken  with  great  caution. 

The  role  of  the  enterohepatic  circulation  in  iodine  metabolism 
in  man  is  now  the  subject  of  controversy •  Information  regarding  the 
enterohepatic  circulation  in  man  is  sparse,  contradictory,  and  has  been 
obtained  from  tracer  studies  performed  in  patients  with  liver  disease  or 
bile  fistulae.  The  validity  of  interpretation  from  such  cases  may  be 
questioned,  but  it  has  been  the  only  available  method  of  study  « 
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In  1954*  Mueller  reported  thyroidal  I  uptake  greater  than 
5($  in  a  series  of  euthyroid  patients  with  severe  liver  disease.  He 
concluded  that  if  the  enterohepatic  circulation  is  significant  in  man, 
the  net  effect  of  liver  disease  on  thyroid  function  may  be  unpredictable. 

A  study  now  in  progress  at  the  University  of  Alberta  Hospital, 
indicates  a  decreased  uptake  of  radioactivity  ty  the  thyroid  glands  in 
patients  with  obstructive  jaundice  in  whom  tracer  studies  were  done. 
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The  paucity,  hovever,  of  biliary  excretion  of  radiothyroxine  in 
the  bile  of  patients  with  biliary  fistulae  in  whom  tracer  studies  were 
done  has  led  Berson^  in  a  recent  review  (1956)  to  conclude  that  only 
a  small  fraction  of  thyroidal  hormone  participates  in  the  enterohepatic 
circulation  in  man. 

Thus,  further  investigations  are  required  to  elucidate  the  role 
of  the  enterohepatic  circulation  of  thyroidal  substances. 
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CHAPTER  V 
CONCLUSIONS 

Absence  of  bile  in  the  gastrointestinal  tract  of  dogs  signifi- 

1*^1 

cantly  reduced  the  uptake  of  radioactive  iodine  (X  '  )  in  plasma  and 
lymph. 

Interference  in  the  enter ohepatic  circulation  of  radioiodine 
produced  by  cannulation  of  the  common  bile  duct  is  believed  responsible 
for  this  reduced  uptake. 

Nearly  identical  concentrations  of  radioactivity  were  found  in 
the  plasma  and  lymph  in  each  of  two  groups  of  dogs. 

A  markedly  higher  concentration  of  radioactivity  was  found  in 
the  bile  than  in  the  plasma  and  lymph  In  three  dogs  with  c  annulate! 
common  bile  ducts  in  whom  bile  was  collected. 

Anesthetic  and  orjerative  procedures  did  not  markedly  affect  the 
radioiodine  uptake  In  the  plasma. 

These  data  suggest  that  clinical  biliary  obstruction  of  fistulas 
will  produce  an  abnormal  uptake  of  radioiodine  given  as  a  diagnostic 
tracer  dose,  and  present  further  evidence  of  the  importance  of  the  entero- 
hepatic  circulation  in  the  absorption  of  thyroidal  substances. 
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APPENDIX  I 


DIET 

IODINE  CONTENT 

IODINE  CONTENT 

PER  CENT 

IN 

IN  MICROGRAMS 

COMPOSITION 

OF  DIET 

MICROGRAMS  % 

PER  100  GRAMS 

Oats 

20 

5.2 

1.04 

¥heat 

24 

7.6 

1.23 

Beets 

8 

3.3 

0.26 

¥heat  Germ 

11 

7.6 

0.84 

Soybean 

11 

6.3 

0.69 

Milk  Powder 

2.5 

32.0 

0.80 

Meat  Meal 

15 

30.0 

4.50 

Fish  Meal 

2 

20.0 

0.40 

Cereal  Grass 

2 

5.0 

0.10 

Potassium  Iodide 

0.5  cz. 
per  ton 

1400 

The  standard  diet  was  Miracle  Dog  Food,  supplied  by  Ogilvle 

Flour  Mills,  Edmonton,  Alberta.  Composition  of  this  diet  was  known 

fcy  analysis.  Each  dog  received  approximately  a  100  Gram  portion, 

of  which  50  to  100  grams  were  consumed.  The  percentage  of  iodine 

3 

in  this  table  was  obtained  from  a  table  of  nutrition  values,  and 
converted  to  micrograms  in  100  Grams.  The  total  iodine  content  in 
a  100  Gram  portion  was  about  1410  micrograms.  Consumption  of  an 
average  75  grams  would  then  provide  about  1000  micrograms  of  iodine 
per  dog  per  day. 
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ILLUSTRATION  OF  COLLECTION  OF  SAMPLES  OF  PLASMA  AND 
I2MPH  IN  A  CONTROL  DOG  (NO.  6),  IN  GROUP  I 


